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IMMUNOTHERAPEUTIC METHOD TO PREVENT 
ISLET CELL REJECTION 

Background of the Invention 

Diabetes affects approxiniately 16 million people in the United 
States, including over one million patients with type 1 (insulin dependent) 
diabetes, and continues to be a therapeutic challenge. More than 14% of U.S. 
5 health care dollars are spent on diabetes, a total of $122 billion in 1994 alone. 
However, diabetes remains one of the leading causes of death by disease, and is 
the leading cause of blindness, kidney failure and non-traumatic amputations. 

The principal determinant of the risk of the devastating 
complications of diabetes is the total lifetime exposure to elevated blood glucose 

10 levels. Therefore, establisliing safe and effective methods of achieving and 

maintaining normoglycemia will have substantial implications for the health and 
quality of life of individuals with diabetes. The Diabetes Control and 
Complications Trial (DCCT) demonstrated that in a setting of a qualified 
diabetes control care team, intensive control with near normalization of glycemia 

1 5 could be achieved and sustained for several years. However, such treatment is 
labor intensive, difficult to unplement for many patients, and limited by the 
accompanying increased firequency of severe hypoglycemia. Today, the only 
way to restore normal blood glucose levels without the associated risk of 
hypoglycemia is to replace the patient's islets of Langeilians. This may be 

20 achieved, for example, by the transplantation of a whole pancreas, or, by the 
injection of islets of Langerhans. 

Successful whole pancreas transplantation induces euglycemia in 
nearly all patients, but surgical risk, complications associated with the exocrine 
portion of the pancreas, and organ availability limit such transplants to a 

25 minority of patients. Islet cell transplantation could significantly reduce risk and 
morbidity, but organ availability also restricts the practice of islet 
transplantation. 

Xenogeneic islet cell transplantation has been problematic as 
well. In nude mice and rats, islet xenografts are characterized by the progressive 
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infiltration of inflammatory cells. Fetal and adult islet xenografts in mice and 
rats with ongoing rejection exiiibit a cellular distribution in which macrophages 
are centrally airanged around the collapsing endocrine cells and T cells surround 
the entire graft area, a pattern reminiscent of delayed type hypersensitivity 
5 reactions, hi non-humaa primate recipients, the rejection process of islet 

xenografts is more vigorous and is dominated by a massive infiltration of T cells. 
Innnunohistochemical studies of immunosuppressed primates have shown that 
macrophages are the main cellular subtype infiltrating islet xenografts. Data 
suggest islet xenogi'afts succumb to cell-mediated rejection in a T-cell dependent 
10 manner. 

The T-cell mediated immune response is initially triggered by 
helper T-cells (T^) which are capable of recognizing specific antigens. When 
one of these Tj, cells recognizes an aatigen present on the surface of an antigen 
presenting cell (APC) or a macrophage in the form of an antigen-MHC complex, 

15 the Tj, cell is stimulated to produce IL-2 by signals emanating fi-om the 

antigen-specific T-cell receptor, co-receptors, and IL-1 secreted by the APC or 
macrophage. The T^ cells then proliferate, resulting in a large population of 
T-cells which ai-e clonally selected to recognize a particular antigen. T-cell 
activation may also stimulate B-cell activation and nonspecific macrophage 

20 responses. 

Some of these proliferating cells differentiate into cytotoxic 
T-cells (Tc) which destroy cells having the selected antigen. After the antigen is 
no longer present, the mature clonally selected cells will remain as memory 

helper and memory cytotoxic T-cells, which will circulate in the body and 
25 recognize the antigen should it show up again. If the antigen triggering tliis 
response is not a foreign antigen, but a self antigen, the result is autoimmmie 
disease; if the antigen is an antigen from transplanted tissue, the result is graft 
rejection. 

The CD4 glycoprotein is a receptor expressed on the surface of a 
30 T~cell subset and macrophages. In general, CD4+ T-cells function as T^ cells. 
The CD4 receptor participates in the antigen MHC class n recognition of T- 
cells. 

2 
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Recent studies have demonstrated the importance to the inimime 
system of the CD40 hgand (CD40L, also loiown as CD154, gp39, T-BAM and 
TRAP), a glycoprotein expressed primarily on activated CD4+ T cells, and the 
CD40 receptor, which is expressed on a variety of APCs, Grewal et al., 
5 Immunological Research . 16, 59 (1997), disclose that CD40L/CD40 interactions 
are involved in the humoral immune response, as well as cell-mediated immune 
responses and T-cell-mediated effector functions that are required for proper 
functioning of the host defense system. 

A critical issue in transplant immunology is to determine how the 
10 components and regulatory interactions involved in graft rejection might be 

manipulated to allow graft acceptance. One form of immunosuppressive therapy 
used clinically and experimentally is that acliieved by the administration of 
isolated, purified antibody preparations. Therapeutic antibodies act in one of 
two ways. Lytic antibodies, also referred to as depleting antibodies, kill 
15 lymphocytes in vivo by targetmg them for destraction. Nonlytic antibodies, or 
nondepleting antibodies, act by blocking the function of the target antigen 
without killing the cell that beai's it. 

Recently, monoclonal antibodies (mAbs) such as OKT3, a mouse 
antibody directed against the CDS antigen of humans, have become widely used 
20 in clinical transplantation settings. However, the interaction of OKT3 with the 
CDS antigen initially activates T cells, which stimulates the release of 
lymphokines, leading to significant clinical side effects. 

The use of non-depleting anti-CD4 mAbs has been disclosed to 
inhibit a number of allograft rejections, including allogeneic cutaneous, renal, 
25 and cardiac tissue transplants. See, e.g., U.S. Pat. No. 5,690,933; WO 96/36359; 
Onodera et al,, Transplantatiom 68^ 288 (1996); and Lehmaim et al.. 
Transplantation . 64, 1181 (1997). 

The role of aiiti~CD40L antibodies, either alone or in combination 
with other innnvmosuppressive agents, has been studied in alio- and/or 
30 xenografts. See, e.g., WO 98/52606; WO 98/59669; Harlan and Kirk , Graft, i, 
63 (1998); and Kenyon et al., Proa Natl. Acad. Sci.. TT.S.A. - 96, 8132 (1999). 
Parker et al., Proc. Natl. Acad. Sci.. U.S.A,. 92., 9560 (1995), disclosed that the 
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infusion of allogeneic small lymphocytes prior to transplant in combination with 
the use of an anti-CD40L antibody led to a more than 100 day pancreatic islet 
allograft siuvival in a mouse model. Larsen et al.. Nature, 381, 434 (1996), 
disclosed that the use of a combination of an anti-CD40L antibody and an anti- 
5 CD28 antibody delayed the rejection of slcm allografts beyond 50 days. 
However, when an anti-CD4 antibody was used alone or added to the anti- 
CD40L and anti-CD2S combination, Larsen et al. disclosed that the allografts 
were rejected with mean survival time (MST) of less than 20 days. Thus, it 
remains unclear whether these antibodies will be effective clinically and under 

10 what circumstances. 

If clinically applicable anti-rejection antibody regimens could be 
developed, then the transplantation of xenogeneic islets could become an 
effective means for treating or even curing patients with diabetes. Therefore, a 
need exists for compositions and methods to increase the appUcability of islet 
1 5 transplantation for the treatment of diabetes. 
Summary of the Invention 

The present invention provides a method for in vivo 
immtmosuppression in humans and mammals. The method includes 
pretreatment and post-transplant in vivo therapy to inhibit or prevent the 
20 rej ection of transplanted islet cells. Preferably, the present method can impart 
durable tolerance to the recipient, rather than just delay the rejection of the 
implanted cells. The present invention also provides a method to treat 
autoimmune disorders and diseases. 

Specifically, the method of the present invention comprises 
25 administering to a mammal, such as a human, in need of such treatment an 

effective immunosuppressive amount of a combination of at least one compound 
which binds specifically to a CD40 ligand present on T-cells so as to interrupt 
binding to a CD40 receptor, and at least one compound which binds specifically 
to a CD4 receptor present on T-cells so as to hiterrupt binding with an antigen- 
30 MHC complex, such as a non-depleting anti-CD4 antibody. 

The term "antibody", as used herein, includes human and animal 
mAbs, and preparations of polyclonal antibodies, as well as antibody fragments, 
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synthetic antibodies, including recombinant antibodies, chimeric antibodies, 
inchiding partially atid fully humanized antibodies, atiti-idiotopic antibodies and 
derivatives thereof. 

The term "compound" is meant to rudicate, for example, 
5 antibodies as defined herein, and molecules having antibody-like function, such 
as synthetic analogues of aatibodies, e.g., single-chain antigen binding 
molecules, small binding peptides, or mixtoes thereof. 

Preferably, the compounds of the present method are antibodies. 
More preferably, one of the antibodies administered in the combination will be 
10 capable of specifically binding to the CD40 ligand, and one of the antibodies 
administered in the combination will be capable of specifically bindmg to the 
CD4 receptor. 

The term "islet cell" includes any mamniaUan organ, tissue or 
cell, capable of producing insuhn in vivo, including synthetic or semi-synthetic 

15 cells, or transgenic cells. 

As mentioned hereinabove, the method of the present invention is 
useful in the treatment of islet cell transplant rejection. More specifically, the 
method may be employed for the treatment of a patient that has undergone islet 
cell transplantation that is allogeneic or xenogeneic. In one embodiment of the 

20 invention, the mammalian recipient is xenogeneic to transplanted porcine islets. 
In another embodiment of the invention, the mammalian recipient is allogeneic 
to transplanted porcine islets. Furthermore, the method of the present invention 
may be utilized prior to, following or concurrently with the transplant procediu-e, 
or any combination thereof. 

25 In a further embodiment of the method of the present invention, 

an anti-inflammatory or immunosuppressive drug may be administered prior to, 
following, or concurrently with the combination of compounds described 
hereinabove. For example, suitable drugs for this purpose include, but are not 
limited to, cyclosporin, FK506, rapamycin, corticosteroids, cyclophosphamide, 

30 mycophenolate mofetil, leflunomide, deoxyspergualin, azathioprine, OKT-3 and 
the hlce. 
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As used herein, the term "imixiune tolerance" or simply 
"tolerance" is intended to refer to the durable active state of unresponsiveness by 
lymphoid cells to a preselected or specific antigen or set of antigens. The 
iimnune response to other immimogens is thus unaffected, while the requirement 

5 for sustained exogenous immunotherapy can be either reduced or is eliminated. 
Additionally, tolerance enables subsequent transplantation of material 
comprising the same antigen or set of antigens without increasing the need for 
exogenous immunotherapy. 

As used herein, the term "treating", with respect to an 

10 autoiimnune disease or condition, includes preventing or delaying the onset or 
flai-e-up of the disease or condition, as well as reducing or ehminating one or 
more symptoms of the disease or condition, such as inflammation, fever and the 
like, after onset. 

Brief Description of the Drawings 

15 FIGURE 1 depicts grapliically data showing the level of plasma 

glucose over time in animals treated with anti-CD40L antibody and anti-CD4 
antibody combination therapy following transplant. 

FIGURE 2 grapliically depicts results of IVGTT analyses for 
normal Lewis rats, at an early time point (day 50) and prior graft nephrectomy. 
20 FIGURE 3 A presents graphically data showing the level of rat 

insulin from insuhn extraction tests. 

FIGURE 3B presents graphically data showing the level of rat C- 

peptide. 

Detailed Description of the Invention 

25 T cell activation, and immunological processes dependent 

thereon, requires both T cell receptor (TCR) mediated signals and 
simultaneously delivered costimulatory signals. An important costimulatory 
signal is delivered by the ligation of CD40 on aa antigen-presenting cell, such as 
a B cell, by CD40L on a T cell CD40 has been molecularly cloned and 

30 characterized. Stamenkovic et al.. EMBO J. . 8, 1403 (1989). Human CD40 is a 
50 IcD cell surface protein expressed on mature B cells, as well as on 
macrophages and activated endothelial cells. CD40 belongs to a class of 

6 
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receptors involved in programmed cell death, including Fas/CD95 and the tumor 
necrosis factor (TNF) alpha receptor. 

CD40L has also been molecularly cloned and characterized. 
Armitage et al.. Nature, 357. 80 (1992); Ledennan et aL, J. Exp. Med,, 175, 1091 
5 (1992); and Hollenbaugh et al., EMBO J., U, 4313 (1992). Human CD40L is a 
32 kD type n membrane glycoproteia with homology to TNF alpha that is 
transiently expressed, primarily on activated T cells. Binding between the 
CD40L and its receptor, CD40L, has been shown to be required for all T cell- 
dependent antibody responses. In pailicular, CD40:CD40L binding provides 
10 anti-apoptotic and/or lymphokine stimulatory signals. 

The importaace of CD40:CD40L binding in promoting T cell 
dependent biological responses was more fully appreciated when it was 
discovered that X-lrnked hyper-IgM syndrome (X-HIGM) in humans is the 
phenotype resulting from genetic lack of functional CD40L. Affected 
1 5 individuals have normal or high IgM levels, but fail to produce IgG, IgA or IgE 
antibodies, and suffer from recurrent, sometimes severe, 
bacterial and parasitic infections, as well as an increased incidence of 
lymphomas and abdominal cancers. A similai* phenotype is obsei-ved in non- 
human animals rendered nullizygous for the gene encoding CD40L (knockout 
20 animals). B cells of CD40L nullizygotes can produce IgM in the absence of 
CD40:CD40L binding, but are unable to undergo isotype switching, or to 
survive normally after affinity maturation. Histologically, lymph node germinal 
centers fail to develop properly, and memory B cells are absent or poorly 
developed. Functionally, these defects contribute to a severe reduction or 
25 absence of a secondary (mature) antibody response. Defects in cellular 

immmiity are also observed, manifested by an increased incidence of bacterial 
and parasitic infections. Many of these cell-mediated defects are reversible by 
administration of EL- 12 or IFN-gamma. These observations substantiate the 
view that normal CD40:CD40L binding promotes the development of Type I T- 
30 helper cell immimological responses. 

A number of preclinical studies have established that agents 
capable of intermpting CD40:CD40L binding have promise as 

7 
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immunomodulating agents. In particular, studies involving small-aiiinial organ 
or tissue transplantation models have shown that CD40:CD40L intemiptors 
promote survival of allogeneic grafts. In selected models, transient 
administration of agents mterfering with T cell costimulation has resulted in the 
5 induction of indefinite graft acceptance. Interruption of CD40:CD40L binding 
in particular has yielded promising results, since it appears that engagement of 
this counter-receptor pair precedes other costimulatory signals in chronology and 
hierarchy. Ranheim et al., J. Exp. Med. . 177, 925 (1993); Roy et aL, Eur. J. 
TTnmnnoL, 25, 596 (1995); Han et al., JJmmunoL, 155, 556 (1995); Shinde et 

10 aL, J. Immunol., 157. 2764 (1996), Yang et aL, Science . 273, 1 862 (1996); 

Grewal et al.. Science. 273. 1864 (1996); and Lederaian et aL, J. ImmunoL . 149, 
3817 (1992). Blockade of CD40:CD40L binding has resulted in prolongation of 
cardiac (Larsen et al., Transplantation. 61, 4 (1996); Larsen et al.. Nature, 381, 
434 (1996)), cutaneous (Larsen et al., Nature . 381 . 434 (1996); Markees et aL, 

15 Transplantation . 64, 329 (1997)) and islet allografts (Parker et al., Proc. NatL 
Acad. Sci. USA . 92, 9560 (1995); Rossini et al.. Cell Transplant . 5, 49) in 
rodents, and of allogeneic kidneys in primates (Kirk et al, Proc. NatL Acad. Sci. 
USA. 194. 8789 (1997)). It has also been demonstrated to delay onset of 
autoimmune diabetes in non-obese diabetic (NOD) mice (Balasa et aL, L 

20 ImmunoL . 159. 4620 (1997)), Lastly, it has been reported that mterference with 
CD40:CD40L binding prevents the production of inflammatory cytokines 
(Dechanet et aL, J. ImmunoL. 159. 5640 (1997); Kiener et aL, J. InununoL . 155, 
4917 (1995)). 

CD40:CD40L blockade tiius may provide potentially powerful 
25 therapies for prevention of islet allograft or xenograft failures in individuals 
having defective glucose metabolism, such as Type I diabetes. However, as 
noted above, studies in rodent model systems have correlated poorly with the 
outcome of testhag or therapy of large animals, including primates and humans. 

Disclosed herein are studies assessing the effects of a preferred 
30 combination of a CD40L blocking agent, a humanized mAb having the antigen- 
specific binding properties of mAb 5c8 (Lederman et aL, J. Exp. Med.. 175, 
1091 (1992)), and a CD4 receptor blocking agent, such as RIB 5/2 (Lelimann et 

8 
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al . > Transplantation. 54, 959 (1992)), in aiiimal models of xenogeneic islet cell 
transplantation. 

The following discussion illustrates and exemplifies the variety of 
contexts and circumstances in which the invention can be practiced, as well as 

5 providing proof-of-principle studies involving specific embodiments of the 
invention. 
Recipient Hosts 

The invention can be used for treatment or prophylaxis of any 
mammalian recipient of an islet cell gi'aft, or any mammal in need of an islet cell 

10 graft. Recipient hosts (also referred to as recipients or hosts) accordmgly are 
afflicted with, or at risk of, a defect in metabolic control of blood glucose 
metabolism (glucose homeostasis). For example, the recipient can be hyper- or 
hypo-glycemic. The invention is particularly suitable for use with diabetic 
recipients, particularly recipients afflicted with diabetes mellitus (DM). 

15 Preferabl}^ the recipient is a primate, more preferably a higher primate, most 
preferably a human. In other embodiments, the recipient may be another 
mammal in need of a tissue graft, particularly a mammal of commercial 
importance, or a companion animal or other animal of value, such as a transgenic 
animal, cloned animal, or a member of an endangered species. Thus, recipient 

20 hosts also include, but are not limited to, sheep, horses, cattle, goats, pigs, dogs, 
cats, rabbits, guinea pigs, hamsters, gerbils, rats and mice. 
Donor or Graft Tissue 

The invention can be used with any type of insulin-producing 
tissue transplant or graft procedure, particularly procedures wherein the donor 

25 (graft) tissue is affected by, or at risk of, failure or rejection by the recipient 
host's inamune system. In particular, the invention can be used in any context 
wherehi the donor tissue is not histocompatible (MHC-compatible) with the 
recipient host. Thus, in addition to autologous or syngeneic donor tissue, the 
invention can be used with allogeneic or xenogeneic donor tissue. The donor 

30 tissue can be derived, by conventional means, from a volxmteer or other living 
donor, or from a cadaveric donor. In one embodiment, the donor is as 
histocompatible as practicable with the recipient host. For example, where the 

9 
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recipient host is a human, autologous and allogeneic donor tissue is used. In 
another embodiment, the donor tissue can be obtained jfrom a heterologous 
species (in which case it is referred to as a heterograft), such as a non-human 
primate, e.g., a chimpanzee or a baboon, or a member of the porcine species, 
5 e.g., a pig. 

Ill some embodiments, the donor islet cells comprise a part, 
portion or biopsy of a donor pancreas which comprises insuUn-producing cells. 
If a cadaveric donor is used, the pancreas is preferably exposed to cold ischemic 
conditions for no more than about eight hours. In still other embodiments, the 
10 donor islet cells comprise isolated or suspended islets or islet cells, including 
cells withdrawn or excised firom a fetal or adult donor, cells maintained in 
primary culture, or an immortalized cell line. Appropriate means for preparing 
donor islets or islet cell suspensions JSrom whole pancreata are well known (see, 
e.g., Ricordi et al.. Diabetes. 37, 413 (1988); Tzalds et al.. Lancet, 336, 402 
15 (1990); Linetslcy et al., Diabetes , 46, 1120 (1997)). Appropriate pancreata are 
obtained from donors essentially fi-ee of defects in blood glucose homeostasis. . 
Other sources of insulin-producing cells include islet progenitor cells, such as 
fetal cells, optionally expanded in primary culture. Any appropriate cell type can 
be used, however, including cells hai'boring exogenous genetic material 
20 encoding an expressible insulin gene. Thus, the invention encompasses the use 
of transfected or transformed host cells^ which have been (or are derived from 
ancestor cells which have been) engineered to express insulin, either 
constitutively or inducibly (e.g., under control of a glucose-responsive promoter 
or enhancer). In other embodiments, the invention encompasses the use of 
25 pancreatic or other donor cell types derived from a transgenic mammal that has 
been engineered to include genetic material necessary for the production of 
insulin in some or all of its body tissues. 

The insulin producing tissue (donor tissue) is introduced 
systemically or locally into the recipient host. For example, isolated, suspended 
30 or dispersed insulin-producing cells can be infused intravascularly, or implanted 
mto a desired site, such as a bone marrow cavity, the liver, within the kidney 
capsule, intramuscularly, or intraperitoneally. In some embodiments, the cells 

10 
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are mitotically competent and produce new tissue of donor origin. In other 
embodiments, the cells are not mitotically competent, but remain viable m the 
donor, and produce or express insulin. In any event, an effective amount of 
insulin-producing cells or tissue is implanted, by wliich is meant an amount 

5 sufficient to attenuate (detectably mitigate) the recipient's defect in glucose 
metabolism (e.g., hypoglycemia or hyperglycemia). Optimally, the amount is 
sufficient to restore the recipient's abiUty to maintain glucose homeostasis, so as 
to JBree the recipient firom dependence on conventional (e.g., injected or inhaled) 
insulin replacement therapy. 

10 In some embodiments, the insulin-producing tissue is physically 

separated (isolated) firom surrounding tissues of the recipient by an 
immtmoisolation device. Appropriate devices protect the insulin-producing 
tissue from most effectors of cellular and humoral immunity, including but not 
limited to, leukocytes, immunoglobulin and complement. Thus, the 

15 immunoisolation de^dce generally provides a semiperaieable barrier, such as a 
membrane, having a pore size sufficient to prevent diffiision therethrough of 
molecules more massive than about 50 to 100 IcD. The barrier defines an 
isolation chamber in which the insulin-producing tissue is disposed, and is free 
of any sites at which the insulin-producing tissue can physically contact cells or 

20 tissues extemal to the barrier. Any conventional device, envelope, capsule or 
microcapsule can be used, includmg single- or double-walled alginate 
microcapsules (e.g., as described in U.S. Pat. 5,227,298). Other conventional 
microcapsules include alginate polylysine microcapsules, chemically cross- 
liiiked alginate microcapsules, and capsules formed of other biocompatible 

25 polymers, formed into a structurally sound immunoisolation device of any 
desired shape or size (see, e.g., Jaink et al.. Transplantation , 61, 4 (1996)). 
Exemplary CD4 receptor binding intemiptors 

CD4 receptor blocking agents usefiil for practice of the invention 
include any compound that blocks the interaction of cell surface CD4 (e.g., 

30 expressed on Tj^ cells) with an antigen-MHC complex. Compounds that are 
specifically contemplated include polyclonal antibodies and monoclonal 
antibodies (mAbs), as well as antibody derivatives such as chimeric molecules, 

11 



BNSDOCID: <WO 0193908A1_I_> 



wo 01/93908 



PCT/USOl/18001 



humanized molecules, molecules with reduced effector functions, bispecific 
molecules, and conjugates of antibodies. 

Monoclonal antibodies against the murine CD4 (L3T4) antigen 
have been disclosed as immunosuppresive agents for the control of humoral 
5 immunity, transplant rejection and autoimmunity. See, e.g., Siegling et aL, 
Transplantation . 57, 464 (1994); and U.S. Patent No. 5,690,933. In addition, 
CD4 mAbs have been shown to create a tolerance-pemiissive enviromnent in 
vivo, which can achieve tolerance to certain soluble protein antigens as well as 
transplantation antigens. However, the mechanism(s) by wliich CD4 mAbs 
10 produce these effects are not clear. In most previous reports, 

immmiosuppression was obtained under conditions that depleted target cells in 
vivo. A simple interpretation was that the immune suppression so achieved was 
due to the absence of CD4 T cells. A depleting antibody is an antibody which 
can deplete more than 50%, for example, from 90 to 99%, of target cells in vivo. 
15 Depleting anti-CD4 monoclonal antibodies reported in the literatm-e include 
L3T4 and BWH~4. See, e.g., Takeucln et aL, Transplantation. 53, 1281 (1992); 
and Sayegh et al., Transplantation , 51 . 296 (1991). 

On the other hand, in vitro experiments have demonstrated that 
CD4 mAbs can affect lymphocyte functions simply through bmding to the 
20 antigen on the cell surface, without causing cell lysis. In addition, 

immixnosuppression and tolerance induction has been obtaiaed in vivo with the 
use of sub lytic concentrations of CD4 mAbs, and by F(ab*)2 CD4 mAb 
fragments, which suggests that for mAb-mediated immime regulation the 
depletion of target cells may not be essential. The use of nondepleting CD4 
25 antibodies has been disclosed to produce tolerance to foreign immunoglobulins, 
bone marrow and skin grafts. See, e.g., U.S. Patent No. 5,690,933. 

Lehmaim et aL, Transplantation . 54 , 959 (1992) previously 
described the non-depletiag anti-CD4 mAb RIB 5/2, This publication discloses 
the use of RIB 5/2 to prevent the rejection of rat skin allografts. Furthennore, 
30 Siegling et aL, Transplantation, 57. 464 (1994), disclose that RIB 5/2 

monotherapy induces survival of renal allografts in a rat model; Lehmann et aL, 
Transplantation, 64, 1181 and Onodera et aL, Transplantation. 68. 288 (1999), 
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disclose the iininune effects of RIB 5/2 monotherapy in allograft models; and 
Onodera et al.. The Journal of InimunologY, 157 , 1944 (1996) disclose that 
treatment with RIB 5/2 abrogated the rejection of cardiac allografts in sensitized 
rat recipients. However, these publications do not disclose the use of any anti- 
5 CD4 blocking agent for the treatment or prevention of xenogeneic transplant 
rejection. 

U.S. Patent No. 5,690,933 disclosed a hybridoma which produces 
a non-depleting anti'-CD4 monoclonal antibody knov^m as YTS 177.9 (deposited 
at the European Collection of Animal Cell Cultures, Porton Down, G.B., under 

10 ECACC Accession No. 90053005). In addition, PCX application WO 96/36359 
discloses a non-depletitig CD4 antibody, specifically, a cdr-grafted anti-CD4 
antibody designated OKT cdr4a. 

Such antibodies can have the antigen-specific binding 
characteristics of the mAb RIB 5/2, as described in Lehmann et al., 

15 Transplantation. 54, 959 (1992). In one embodiment of this invention, the 
monoclonal antibody binds to the protein which the mAb RIB 5/2 binds. 
Exemplary CD40:CD40L Binding Intenaiptors 

Therapeutic compounds usefiil for practice of the invention 
include any compoimd that blocks the interaction cell surface CD40 (e.g., on B 

20 cells) with CD40L in situ, e.g., on the surface of activated T cells. CD40:CD40L 
binding interruptor compounds, such as CD40L blocldng agents, include 
polyclonal antibodies and monoclonal antibodies (mAbs), as well as antibody 
derivatives such as chimeric molecules, humanized molecules, molecules with 
reduced effector functions, bispecific molecules, and conjugates of antibodies. 

25 The CD40L-specific mAb MR l ( ATCC Accession No. HB 

1 1048, as described in U.S. Patent No. 5,683,693) has shown dramatic in vivo 
effects in mouse models of pancreatic islet allotransplantation. Parker et al., 
Proc. Natl. Acad. Sci.. U.S.A. . 92, 9560 (1995). Recently, selective inhibition of 
T-cell costimulation by the human homologue to MRl, the CD40L-specific 

30 mAb 5c8 (ATCC Accession No. HB 10916, as described in U.S. Patent 

5,474,771) significantly prolonged the survival of MHC-mismatched renal and 
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islet allograft in non-hmnan primates without the need for chronic 
immunosuppression. 

In a prefen*ed embodiment, the antibody has the aatigen-specific 
binding characteristics of mAb 5c8. In one embodiment of this invention, the 
5 monoclonal antibody binds to the protein to which the mAb 5c8 binds. In 

another embodiment of this invention, the mAb binds to the epitope to wliich the 
mAb 5c8 binds. One preferred antibody for use in the present method is the 
humanized mAb 5c8. Other known antibodies against CD40L inchxde 
antibodies ImxM90, ImxM91 and ImxM92 (obtained from hnmunex), an anti- 
10 CD40L mAh commercially available from Ancell (clone 24-3 1, catalog # 353- 
020, Bayport, MN), and an anti-CD40L mAb commercially available from 
Genzyme (Cambridge, MA, catalog # 80-3703-01). Also commercially 
available is an anti-CD40L mAb from PharMingen (San Diego, catalog # 
33 580D). Numerous additional anti-CD40L antibodies have been produced and 
15 characterized (see, e.g., Bristol-Myers Squibb, PCX application WO 96/23071). 

The invention also includes use of other CD40L blocking agents, 
such as complete Fab fragments, F(ab02 compounds, Vh regions, Fv regions, 
single chain antibodies (see, e.g., PCX application WO 96/23071), polypeptides, 
fusion constracts of polypeptides, fiisions of CD40 (such as CD40Ig, as in 
20 Hollenbaugli et al., J. Immunol, Meth.. 188, 1 (1995)), and small molecules such 
as small semi-peptides or non-peptide agents, all capable of blocking or 
interrupting CD40:CD40L binding. Procedures for designing, screening and 
optimizmg small molecules are provided in PCX/US96/ 10664, filed June 21, 
1996. 

25 Monoclonal Antibodies 

Monoclonal antibodies against the CD40L and/or CD4 receptor 
can be also prepared, using laiown hybridoma cell culture techniques. In 
general, this method involves preparing an antibody-producing fiised cell line, 
e.g., of primary spleen cells fiised with a compatible continuous Mne of myeloma 

30 cells, and growing the fiised cells either in mass culture or in an animal species, 
such as a murine species, from which the myeloma cell line used was derived or 
is compatible. Such antibodies offer many advantages over those produced by 
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inoculation of animals, as they are highly specific, sensitive and relatively "pnre" 
immunocheniically. Immunologically active fragments of the present antibodies 
are also within the scope of the present invention, e.g., the F(ab) fragment, as are 
partially and ftiUy linmanized monoclonal antibodies. 
5 The present iavention includes a monoclonal antibody that is 

conjugated to a detectable label, for example, a radioisotope, fluorescent label or 
blading site for a detectable label. 

It will be understood by those skilled in the art that the 
hybridomas herein referred to may be subject to genetic mixtation or other 
10 changes while still retaining the ability to produce monoclonal antibody of the 
same desired specificity. The present invention encompasses mutants, other 
derivatives and descendants of the hybridomas. 

It will be further understood by those skilled in the art that a 
monoclonal .antibody may be provided by the techniques of recombinant DNA 
15 technology to yield derivative antibodies, humanized or chimeric molecules or 
antibody fi*agments which retain at least the specificity of the reference 
monoclonal antibody. 
Recombinant Antibodies 

Various forms of antibodies also can be produced using standard 
20 recombinant DNA techniques (Winter and Milstein, Nature. 349. 293 (1991)). 
Obviously, once one has an immortalized cell line, e.g., a hybridoma, or an 
RGDP containing DNA encoding at least a polypeptide component of abindmg 
ligand, one skilled in the art is in a position to obtain (according to techniques 
well known in the art, see European patent application EPA 449,769) the entire 
25 nucleotide sequence encoding the ligand, e.g., the mAb secreted by the cell. 

Therefore, the present invention also encompasses primary nucleotide sequences 
which encode the ligands, e.g., mAbs as defined above, together with fragments 
of these primary sequences and secondary nucleotide sequences comprising 
derivatives, mutations and hybridizmg partners of said primary nucleotide 
30 sequences. 

These nucleotide sequences may be used in a recombinant system 
to produce an expression product according to standard techniques. Therefore, 
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the present invention includes vectors (cloning and expression vectors) 
incorporating said nucleotide sequences, transformed cells incorporating said 
vectors and expression products produced by use of a recombinant system 
utilizing any such vectors or transformed cells. 
5 Yet another possibility w^ould be to produce a mutation in the 

DNA encoding the monoclonal antibody, so as to alter certain of its 
characteristics without changing its essential specificity. This can be done by 
site-directed mutagenesis or other techniques Imown in the art. 

The production of fusion proteins is also contemplated. See, for 
10 instance, Stamenlcovic et al, "The B Lymphocyte Adhesion Molecule CD22 
Interacts with Leukocyte Conmion Antigen CD45RO on T Cells and a2-6 
Sialytransferase, CD75, on B Cells," Cell, 66, 1133 (1991). 

The present invention also includes methods for expressing a 
ligand, e.g., anxAb, derivative, functional equivalent or fragment thereof, which 
1 5 comprises using a nucleotide sequence, vector or transformed cell as defined 
above. 

In addition, standard recombinant DNA techniques can be used to 
alter the binding affinities of recombinant antibodies with then* antigens by 
altering amino acid residues in the vicinity of the antigen binding sites. For 

20 example, the antigen binding affinity of an antibody may be increased by 

mutagenesis based on molecular modeling (Queen et al., Proc> Natl. Acad. Sci., 
86,10029 (1989); PCT application WO 94/04679). It may be desirable to 
increase or to decrease the affinity of the antibodies, depending on the targeted 
tissue type or the particular treatment schedule envisioned. This may be done 

25 utihzing phage display teclinology (see, e.g.. Winter et al., Ann. Rev. TmmunoL, 
12, 433 (1994); and Schier et al., J. MoL BioL . 255, 28 (1996)). As an example, 
it may be advantageous to treat a patient with constant levels of antibodies with 
reduced affinity for CD40L for semi-prophylactic treatments. Likewise, 
antibodies with increased affinity for CD40L may be advantageous for 

30 short-term treatments. 
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Chimeric and Reshaped Antibodies 

Published European patent BP 120694 (Boss et al/Celltech) 
describes the cloning and expression of chimeric antibodies. In these 
derivatives, the variable domains from one immunoglobulin are ftised to constant 
5 domains from another immxmoglobulin. Usually, the variable domains are 

derived from an immunoglobulin gene from one species, i.e., an animal species, 
e.g., a mouse or a rat, and the constant domains are derived from an 
immunaglobulin gene from a different spocios^ perhaps a human. A later 
European patent application, EP 125023 (Cabilly/Genetech), and U.S. Patent No. 

10 4,816,567, describe the production of other variations of innnunoglobulin-type 
molecules using recombinant DNA technology. Chimeric antibodies reduce the 
immunogenic responses elicited by animal antibodies when used for human 
therapy or prophylaxis. 

Chimeric antibodies are constructed, for example, by linlcing the 

15 antigen binding domain from a mouse antibody to a human constant domam (an 
antibody derived initially from a nonhuman mammal in which recombinant 
DNA technology has been used to replace all or part of the liinge and constant 
regions of the heavy chain and/or the constant region of the light chain, with 
corresponding regions fi-om a human immunoglobin light chain or heavy chain) 

20 (see, e.g., U. S. Patent No. 4,816,567; Morrison et aL, Proc. Natl. Acad. Sci., 81, 
6851 (1984)). 

Another possibiUty is to attach just the variable region of the 
monoclonal antibody to another non-immunoglobulin molecule, to produce a 
derivative chimeric molecule (see PCT appUcation WO 86/01533, Neuberger 
25 and Rabbits/Celltech). A further possibiUty would be to produce a chimeric 
immmio globulin having different specificities in its different variable regions, 
e.g., the monoclonal antibodies of the present invention (see European patent EP 
68763). 

European patent EP 239400 (Winter) describes how it is possible 
30 to malce an altered, derivative, antibody by replacing the complementarity 

determining regions (CDRs) of the variable domain of an immunoglobulin with 
the CDRs from an immxmoglobulin of different specificity, using recombinant 
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DNA techniques - so called "CDR-grafting". This enables altering the 
antigen-binding specificity of an antibody. (In the present case it might be the 
CDRs of RIB 5/2, of 5c8, of an antibody with the same binding specificity as 
these anti"CD4 and anti-CD40L antibodies, or of antibodies which is 

5 cross-reactive with RIB 5/2 or 5c8 which are transferred to another antibody.) 
Thus, CDR grafting enables "himianization" of antibodies, in combination with 
alteration of the variable domain fi'amework regions. 

Hmnanized antibodies are antibodies initially derived fi-om a 
nonliuman mammal in which recombinant DNA technology has been used to 

10 substitute some or all of the amino acids not required for antigen binding with 
amino acids firom corresponding regions of a human inununoglobin light or 
heavy chain. That is, they are chimeras comprising mostly himiati 
immxmoglobulin sequences into wliich the regions responsible for specific 
antigen-binding have been inserted (see, e.g., PCT patent application WO 

15 94/04679). 

Humanized antibodies minimize the use of heterologous (inter- 
species) sequences in antibodies for use in human therapies, and are less likely to 
elicit unwanted immune responses. For example, a "humanized" antibody 
containing the CDRs of a rodent antibody specific for an antigen of interest 
20 might well be less hkely to be recognized as foreign by the immime system of a 
human. It follows that a "himianized" antibody with the same binding 
specificity as, e.g., mAb RIB 5/2, mAb 5c8, or an antibody that cross-reacts with 
either might well be of particular use in human therapy and/or diagnostic 
methods. 

25 A humanized antibody may be produced, for example, animals 

may be immunized with the desired antigen, the corresponding antibodies are 
isolated and the portion of the variable region sequences responsible for specific 
antigen binding are removed. The animal-derived antigen binding regions are 
then cloned into the appropriate position of the hmnan antibody genes in wliich 

30 the antigen binding regions have been deleted. Primatized antibodies can be 
produced similarly. 
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receptors involved in programmed cell death, including Fas/CD95 and the tumor 
necrosis factor (TNF) alpha receptor. 

CD40L has also been molecularly cloned and characterized. 
Armitage et al,. Nature. 357. 80 (1992); Ledennan et aL, J. Exp. Med.. 175. 1091 
5 (1992); and HoUenbaugh et al., EMBO L. U, 4313 (1992). Human CD40L is a 
32 IcD type 11 membrane glycoprotein with homology to TNF alpha that is 
transiently expressed, primarily on activated T cells. Binding between the 
CD40L and its receptor, CD4OL5 has been shown to be required for all T cell- 
dependent antibody responses. In particular, CD40:CD40L binding provides 
1 0 anti-apoptotic and/or lymphokine stimulatory signals. 

The unportance of CD40:CD40L binding in promoting T cell 
dependent biological responses was more fully appreciated when it was 
discovered that X-Hnlced hyper-IgM syndrome (X-HIGM) in humans is the 
phenotype resulting from genetic lack of functional CD40L. Affected 
15 individuals have nomial or high IgM levels, but fail to produce IgG, IgA or IgE 
antibodies, and suffer from recun*ent, somethnes severe, 
bacterial and parasitic infections, as well as an increased incidence of 
lymphomas and abdominal cancers. A similar phenotype is observed in non- 
human animals rendered nuUizygous for the gene encoding CD40L (knockout 
20 animals). B cells of CD40L nuUizygotes can produce IgM in the absence of 
CD40;CD40L binding, but are unable to undergo isotype switching, or to 
survive normally after affinity maturation. Histologically, lymph node germhial 
centers fail to develop properly, and memory B cells are absent or poorly 
developed. Functionally, these defects contribute to a severe reduction or 
25 absence of a secondary (mature) antibody response. Defects in cellular 

immunity are also obseived, manifested by an increased incidence of bacterial 
and parasitic infections. Many of these cell-mediated defects are reversible by 
administration of IL-12 or IFN-gamma. These observations substantiate the 
view that nomial CD40:CD40L binding promotes the development of Type I T- 
30 helper cell inmiunological responses. 

A number of preclinical studies have established that agents 
capable of interrupting CD40:CD40L binding have promise as 
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iiximimomodulating agents. In paiticular, studies involving small-animal organ 
or tissue transplantation models have shown that CD40:CD40L intemxptors 
promote survival of allogeneic grafts. In selected models, transient 
administration of agents interfering with T cell costimulation has resulted in the 
5 induction of indefinite graft acceptance. Intennption of CD40:CD40L binding 
in particular has yielded promising results, since it appears that engagement of 
this counter-receptor pair precedes other costimulatory signals in chronology and 
liierarchy. Ranheim et al., J. Exp. Med. . 177 . 925 (1993); Roy et al., Eur. J. 
Immunol., 25. 596 (1995); Han et al., J. Immunol., 155. 556 (1995); Shinde et 

10 al., J. Immunol. 157 . 2764 (1996), Yang et al.. Science. 273 . 1862 (1996); 

Grewal et al.. Science . 273. 1864 (1996); and Ledemian et al., J. InmiunoL, 149. 
3817 (1992). Blockade of CD40:CD40L binding has resulted in prolongation of 
cardiac (Larsen et al., Transplantation . 61, 4 (1996); Larsen et al.. Nature , 381 . 
434 (1996)), cutaneous (Larsen et al.. Nature . 381. 434 (1996); Markees et al., 

15 Transplantation . 64, 329 (1997)) and islet allografts (Parker et al, Proc. Natl. . 
Acad. Sci. USA. 92, 9560 (1995); Rossini et al.. Cell Transplant 5, 49) in 
rodents, and of allogeneic kidneys in primates (Kirk et al., Proc. Natl. Acad. Sci. 
USA . 194, 8789 (1997)). It has also been demonstrated to delay onset of 
autoimmune diabetes in non-obese diabetic (NOD) mice (Balasa et al., L 

20 Immimol. , 159. 4620 (1997)). Lastly, it has been reported that interference with 
CD40:CD40L binding prevents the production of inflammatory cytokines 
(Dechanet et al., J. Immunol. 159 . 5640 (1997); Kiener et al., J. Immunol. . 155 . 
4917 (1995)). 

CD40:CD40L blockade thus may provide potentially powerful 
25 therapies for prevention of islet allograft or xenograft failures in individuals 
having defective glucose metabolism, such as Type I diabetes. However, as 
noted above, studies in rodent model systems have correlated poorly with the 
outcome of testing or therapy of large animals, including primates and humans. 

Disclosed herein are studies assessing tlie effects of a preferred 
30 combination of a CD40L blocking agent, a humanized mAb having the antigen- 
specific binding properties of mAb 5c8 (Lederman et al., J. Exp. Med. . 175. 
1091 (1992)), and a CD4 receptor blocking agent, such as RIB 5/2 (Lehmann et 
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al.. Transplantation, 54 , 959 (1992)), in aaimal models of xenogeneic islet cell 
transplaatation. 

The following discussion illustrates and exemplifies the variety of 
contexts and circumstances in which the invention can be practiced, as well as 
5 pro^dding proof-of-principle studies involving specific embodiments of the 
invention. 
Recipient Hosts 

The invention can be used for ti'eatment or prophylaxis of any 
mammahan recipient of an islet cell graft, or any mammal in need of an islet cell 
10 graft. Recipient hosts (also referred to as recipients or hosts) accordingly are 
afflicted with, or at risk of, a defect in metabolic control of blood glucose 
metabolism (glucose homeostasis). For example, the recipient can be hyper- or 
hypo-glycemic. The invention is particularly suitable for use with diabetic 
recipients, particularly recipients afflicted with diabetes mellitus (DM). 
15 Prefex-ably, the recipient is a primate, more preferably a higher primate, most 
preferably a human. In other embodiments, the recipient may be another 
marmnal in need of a tissue graft, particularly a mammal of commercial 
importance, or a companion animal or other animal of value, such as a transgenic 
animal, cloned animal, or a member of an endangered species. Thus> recipient 
20 hosts also include, but are not Umited to, sheep, horses, cattle, goats, pigs, dogs, 
cats, rabbits, guinea pigs, hamsters, gerbils, rats and mice. 
Donor or Graft Tissue 

The invention can be used with any type of insulin-producmg 
tissue transplant or graft procedure, particularly procedures wherein the donor 
25 (graft) tissue is affected by, or at risk of, failure or rejection by the recipient 
host's immune system. In particular, the invention can be used in any context 
wherein the donor tissue is not histocompatible (MHC-compatible) with the 
recipient host. Thus, m addition to autologous or syngeneic donor tissiie, the 
invention can be used with allogeneic or xenogeneic donor tissue. The donor 
30 tissue can be derived, by conventional means, firom a volunteer or other living 
donor, or firom a cadaveric donor. In one embodiment, the donor is as 
histocompatible as practicable with the recipient host. For example, where the 

9 

BNSDOCID: <WO 019390BA1_IA> 



wo 01/093908 



PCT/USOl/18001 



recipient host is a human, autologous and allogeneic donor tissue is used. In 
another embodiment, the donor tissue can be obtained from a heterologous 
species (iia which case it is refen*ed to as a heterograft), such as a non-human 
primate, e.g., a chimpanzee or a baboon, or a member of the porcine species, 
5 e.g., a pig. 

In some embodiments, the donor islet cells comprise a part, 
portion or biopsy of a donor pancreas which comprises insulin-producing cells. 
If a cadaveric donor is used, the pancreas is preferably exposed to cold ischemic 
conditions for no more tlian about eight hours. In still other embodiments, the 

10 donor islet cells comprise isolated or suspended islets or islet cells, including 
cells withdrawn or excised from a fetal or adult donor, cells maintained in 
primaiy culture, or an inmiortalized cell line. Appropriate means for preparing 
donor islets or islet cell suspensions from whole pancreata are well known (see, 
e.g., Ricordi et al., Diabetes . 37, 413 (1988); Tzalds et al.. Lancet. 336 . 402 

15 (1990); Linetsky et al.. Diabetes . 46, 1 120 (1997)). Appropriate pancreata are 
obtained from donors essentially free of defects in blood glucose homeostasis. 
Other sources of insulin-producing cells include islet progenitor cells, such as 
fetal cells, optionally expanded in primary culture. Any appropriate cell type can 
be used, however, including cells harboring exogenous genetic material 

20 encoding an expressible insulin gene. Thus, the invention encompasses the use 
of transfected or transformed host cells^ which have been (or ai*e derived from 
ancestor cells which have been) engineered to express insulin, either 
constitutively or inducibly (e.g., rmder control of a glucose-responsive promoter 
or enhancer). In other embodiments, the invention encompasses the use of 

25 pancreatic or other donor cell types derived from a transgenic mammal that has 
been engineered to include genetic material necessary for the production of 
insulin in some or all of its body tissues. 

The uisulin producing tissue (donor tissue) is introduced 
systemically or locally into the recipient host. For example, isolated, suspended 

30 or dispersed insuUn-producing cells can be infused intravascularly, or implanted 
into a desired site, such as a bone marrow cavity, the Uver, within the kidney 
capsule, mtramuscularly, or intraperitoneally. In some embodiments, tlie cells 
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are niitotically competent aiid produce Bew tissue of donor origin. In other 
embodiments, the cells ai'e not mitotically competent, but remain viable in the 
donor, and produce or express insulin. In any event, an effective amomt of 
insuhn-producing cells or tissue is implanted, by which is meant an amount 
5 sufficient to attenuate (detectably mitigate) the recipient's defect in glucose 
metabolism (e.g., hypoglycemia or hyperglycemia). Optimally, the amount is 
sufficient to restore the recipient's ability to maintain glucose homeostasis, so as 
to free the recipient from dependence on conventional (e.g., injected or inhaled) 
insulin replacement therapy. 

10 In some embodiments, the insulin-producing tissue is physically 

separated (isolated) from siirroxmding tissues of the recipient by an 
immunoisolation device. Appropriate devices protect the insulin-producing 
tissue from most effectors of cellular and humoral inmimiity, including but not 
limited to, leukocytes, immunoglobulin and complement. Thus, the 

15 immunoisolation device generally provides a semipermeable barrier, such as a 
membrane, having a pore size sufficient to prevent diffusion therethrough of 
molecules more massive tlian about 50 to 100 IcD. The barrier defines an 
isolation chamber in which the insulin-producing tissue is disposed, and is free 
of any sites at wliich tlie insulin-producing tissue can physically contact cells or 

20 tissues extemal to the barrier. Any conventional device, envelope, capsule or 
microcapsule can be used, including single- or double-walled alginate 
microcapsules (e.g., as described in U.S. Pat 5,227,298). Other conventional 
microcapsules include alginate polylysine microcapsules, chemically cross- 
linlced alginate microcapsules, and capsules formed of other biocompatible 

25 polymers, fomied into a structurally soxmd immunoisolation device of any 
desired shape or size (see, e.g., Jainlc et al., Transplantation, 61, 4 (1996)). 
Exemplary CD4 receptor binding intermptors 

CD4 receptor blocking agents usefiil for practice of the invention 
include any compound that blocks the interaction of cell surface CD4 (e.g., 

30 expressed on T^ cells) with an antigen-MHC complex. . Compounds that are 
specifically contemplated include polyclonal antibodies and monoclonal 
antibodies (mAbs), as well as antibody derivatives such as chimeric molecules, 
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humanized molecules, molecules with reduced effector functions, bispecific 
molecules, and conjugates of antibodies. 

Monoclonal antibodies against the murine CD4 (L3T4) antigen 
have been disclosed as innnunosuppresive agents for the control of humoral 
5 immunity, transplant rejection and autoinnnunity. See, e.g., Siegling et al., 
Transplantation . 57, 464 (1994); and U.S. Patent No, 5,690,933. In addition, 
CD4 mAbs have been shown to create a tolerance-permissive environment in 
vivo, which can achieve tolerance to certain soluble protein antigens as well as 
transplantation antigens. However, the mechanism(s) by which CD4 mAbs 

10 produce these effects are not clear, hi most previous reports, 

immunosuppression was obtained under conditions that depleted target cells in 
vivo, A simple interpretation was that the immune suppression so achieved was 
due to the absence of CD4 T cells. A depleting antibody is an antibody which 
can deplete more than 50%, for example, firom 90 to 99%, of target cells in vivo, 

15 Depleting anti-CD4 monoclonal antibodies reported in the literature include 
L3T4 and BWH-4. See, e.g., Takeuchi et ah. Transplantation, 53, 1281 (1992); 
and Sayegh et al., Transplantation, 51, 296 (1991). 

On the other hand, in vitro experiments have demonstrated that 
CD4 mAbs can affect lymphocyte functions simply through binding to the 

20 antigen on the cell surface, without causing cell lysis. In addition, 

iramunosuppression and tolerance mduction has been obtained in vivo with the 
use of sub lytic concentrations of CD4 mAbs, and by F(ab')2 CD4 niAb 
fragments, which suggests that for mAb-mediated immune regulation the 
depletion of target cells may not be essential. The use of nondepleting CD4 

25 antibodies has been disclosed to produce tolerance to foreign immunoglobulins, 
bone marrow and skin grafts. See, e.g., U.S. Patent No. 5,690,933. 

Lehmann et al., Transplantatiom 54 . 959 (1992) previously 
described the non-depleting anti-CD4 mAb RIB 5/2. This publication discloses 
the use of RIB 5/2 to prevent the rejection of rat skin allografts. Furthermore, 

30 Siegling et al.. Transplantation . 57, 464 (1994), disclose that RIB 5/2 

monotherapy induces survival of renal allografts in a rat model; Lelimann et ah, 
Transplantatiom 64, 1 181 and Onodera et ah. Transplantation . 68. 288 (1999), 
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disclose the irmnime effects of RIB 5/2 monotherapy in allograft models; and 
Onodera et aL, The Joumal of Immunology, 157 , 1944 (1996) disclose that 
treatment with RIB 5/2 abrogated the rejection of cardiac allografts in sensitized 
rat recipients. However, these publications do not disclose the use of any anti- 
5 CD4 blocking agent for the treatment or prevention of xenogeneic transplant 
rejection. 

U.S. Patent No. 5,690,933 disclosed a hybridoma which produces 
a non-depleting anti-CD4 monoclonal antibody Imown as YTS 177.9 (deposited 
at the Em"opean Collection of Animal Cell Cultures, Porton Down, G.B., under 

10 BCACC Accession No. 90053005). In addition, PCT apphcation WO 96/36359 
discloses a non-depleting CD4 antibody, specil&cally, a cdr-grafted anti-CD4 
antibody designated OKT cdr4a. 

Such antibodies can have the antigen-specific binding 
characteristics of the mAb RIB 5/2, as described in Lelunann et aL, 

15 Transplantation . 54 . 959 (1992). In one embodiment of this invention, the 
monoclonal antibody binds to the protein which the mAb RIB 5/2 binds. 
Exemplary CD40:CD40L Binding Interruptors 

Therapeutic compoimds useful for practice of the invention 
include any compound that blocks the interaction cell surface CD40 (e.g., on B 

20 cells) with CD40L in situ, e.g., on the surface of activated T cells. CD40:CD40L 
binding interruptor compounds, such as CD40L blocking agents, include 
polyclonal antibodies and monoclonal antibodies (mAbs), as well as antibody 
derivatives such as chimeric molecules, himianized molecules, molecules with 
reduced effector functions, bispecific molecules, and conjugates of antibodies. 

25 The CD40L-specific mAb MRl (ATCC Accession No. HB 

11048, as described in U.S. Patent No. 5,683,693) has shown dramiatic in vivo 
effects in mouse models of pancreatic islet allotransplantation. Parker et al., 
Proc. Natl. Acad. Sci., U.S.A... 92, 9560 (1995). Recently, selective inhibition of 
T-cell costimulation by the hmnan homologue to MRl, the CD40L-specific 

30 mAb 5c8 (ATCC Accession No. HB 10916, as described in U.S. Patent 

5,474,771) significantly prolonged the survival of MHC-mismatclied renal and 
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islet allograft in non-human primates without the need for chronic 
immunosuppression. 

In a preferred embodiment, the antibody has the antigen-specific 
binding characteristics of niAb 5c8. In one embodiment of tliis invention, the 
5 monoclonal antibody binds to the protein to which the niAb 5c8 binds. In 

another embodiment of this invention, the mAb binds to the epitope to wliich the 
mAb 5c8 binds. One preferred antibody for use in the present method is the 
humanized xaAh 5c8. Other known antibodies against CD40L include 
antibodies ImxM90, hnxMPl and IinxM92 (obtained from Immunex), an anti- 

10 CD40L mAb commercially available from Ancell (clone 24-3 1, catalog # 353- 
020, Bayport, MN), and an anti-CD40L mAb commercially available from 
Genzyme (Cambridge, MA, catalog # 80-3703-01). Also commercially 
available is an anti-CD40L mAb from PharMingen (San Diego, catalog # 
3 35 SOD). Nmnerous additional anti-CD40L antibodies have been produced and 

15 characterized (see, e.g., Bristol-Myers Squibb, PCT application WO 96/23071). 

The invention also includes use of other CD40L blocking agents, 
such as complete Fab fragments, F(ab% compounds, regions, Fy regions, 
single chain antibodies (see, e.g., PCT application WO 96/23071), polypeptides, 
frision constructs of polypeptides, fusions of CD40 (such as CD40Ig, as in 

20 HoUenbaugh et al., J. ImmunoL Meth.. 188 . 1 (1995)), and small molecules such 
as small semi-peptides or non-peptide agents, all capable of blocking or 
interrupting CD40:CD40L binding. Procedures for designing, screening and 
optimizing small molecules are provided in PCT/US96/ 10664, filed June 21, 
1996. 

25 Monoclonal Antibodies 

Monoclonal antibodies against the CD40L and/or CD4 receptor 
can be also prepared, using known hybridoma cell culture techniques. In 
general, this method involves preparing an antibody-producing fused cell line, 
e.g., of primary spleen cells ftised with a compatible continuous line of myeloma 

30 cells, and growing the fused cells either in mass culture or in an animal species, 
such as a murine species, from which the myeloma cell line used was derived or 
is compatible. Such antibodies offer many advantages over those produced by 
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inoculation of animals, as they are liighly specific, sensitive and relatively "pxore" 
inrniimochemically. Imtnimologically active fragments of the present antibodies 
are also within the scope of the present invention, e.g., the F(ab) fragment, as are 
partially and fully hrnnaoized monoclonal antibodies. 

5 The present invention includes a monoclonal antibody that is 

conjugated to a detectable label, for example, a radioisotope, fluorescent label or 
binding site for a detectable label. 

It will be understood by those skilled ui the art that the 
hybridomas herein referred to may be subject to genetic mutation or other 

10 changes while still retaining the ability to produce monoclonal antibody of the 
same desired specificity. The present invention encompasses mutants, other 
derivatives and descendants of the hybridomas. 

It will be further understood by those slcilled in the art that a 
monoclonal antibod)^ may be provided by the techniques of recombinant DNA 
^ 15 technology to yield derivative antibodies, humanized or chimeric molecules or 
antibody fragments wliich retain at least the specificity of the reference 
monoclonal antibody. 
Recombinant Antibodies 

Various forms of antibodies also can be produced using standard 

20 recombinant DNA techniques (Whiter and Milstein, Nature. 349> 293 (1991)). 
Obviously, once one has an immortalized cell line, e.g., a hybridoma, or an 
RGDP containing DNA encoding at least a polypeptide component of a binding 
ligand, one skilled in the art is in a position to obtain (according to techniques 
well known in the art, see European patent application EPA 449,769) the entire 

25 nucleotide sequence encoding the ligand, e.g., the niAb secreted by the cell. 

Therefore, the present invention also encompasses primary nucleotide sequences 
which encode the ligands, e.g., mAbs as defined above, together with fragments 
of these primary sequences and secondary nucleotide sequences comprising 
derivatives, mutations and hybridizing partners of said primary nucleotide 

30 sequences. 

These nucleotide sequences may be used in a recombinant system 
to produce an expression product according to standard techniques. Therefore, 
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the present invention includes vectors (cloning and expression vectors) 
incorporating said nucleotide sequences, transformed cells incorporating said 
vectors and expression products produced by use of a recombinant system 
utilizing any such vectors or transformed cells. 
5 Yet another possibility would be to produce a mutation in the 

DNA encoding the monoclonal antibody, so as to alter certain of its 
characteristics without changing its essential specificity. This can be done by 
site-directed mutagenesis or other techniques known m the art. 

The production of fusion proteins is also contemplated. See, for 

10 instance, Stamenkovic et al, "The B Lymphocyte Adiiesion Molecule CD22 
Interacts with Leukocyte Common Antigen CD45RO on T Cells and a2-6 
Sialyti*ansferase, CD75, on B Cells," Cell, 66, 1133 (1991). 

The present invention also includes methods for expressing a 
ligand, e.g., a mAb, derivative, functional equivalent or fragment thereof, which 

15 comprises using a nucleotide sequence, vector or transfomied cell as defined 
above. 

In addition, standard recombinant DNA teclmiques can be used to 
alter the bindmg affinities of recombinant antibodies with their antigens by 
altering amino acid residues in the vicinity of the antigen binding sites. For 

20 example, the antigen binding affinity of an antibody may be increased by 

mutagenesis based on molecular modeling (Queen et al., Proc. Natl. Acad. Sci. , 
86,10029 (1989); PCT appHcation WO 94/04679). It may be deshrable to 
increase or to decrease the affinity of the antibodies, depending on the targeted 
tissue type or the particular treatment schedule envisioned. This may be done 

25 utilizing phage display teclinology (see, e.g., Winter et al., Ann. Rev. Immunol., 
12, 433 (1994); and Schier et al, J. MoL BioL. 255. 28 (1996)). As an example, 
it may be advantageous to treat a patient with constant levels of antibodies with 
reduced affinity for CD40L for semi-prophylactic treatments. Likewise, 
antibodies with mcreased affiboity for CD40L may be advantageous for 

30 short-term treatments. 
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Chimeric and Reshaped Antibodies 

Published European patent BP 120694 (Boss et al/Celltech) 
describes the cloning and expression of chimeric antibodies. In these 
derivatives, the variable domains fi*om one iromnnoglobulin are fused to constant 
5 domains from another immunoglobulin. Usually, the variable domains are 

derived from an inmiunoglobulin gene from one species, i.e., an animal species, 
e.g., a mouse or a rat, and the constant domains are derived from an 
innnunoglobulin gene from a different species, perhaps a human. A later 
Em*opean patent application, EP 125023 (Cabilly/Genetech), and U.S. Patent No. 

10 4,816,567, describe the production of other variations of immunoglobulm-type 
molecules using recombinant DNA teclmology. Chimeric antibodies reduce the 
immunogenic responses elicited by animal antibodies when used for hmnan 
therapy or prophylaxis. 

Chimeric antibodies are constructed, for example, by linking the 

15 antigen binding domain from a mouse antibody to a human constant domain (an 
antibody derived initially from a nonhuman mammal in which recombinant 
DNA technology has been used to replace all or part of fhe hinge and constant 
regions of the heavy chain and/or the constant region of the light chain, with 
corresponding regions from a human immunoglobha light chain or heavy chain) 

20 (see, e.g., U. S. Patent No. 4,816,567; Morrison et al, Proc. Natl. Acad. Sci., 81, 
6851 (1984)). 

Another possibility is to attach just the variable region of the 
monoclonal antibody to another non-immmioglobulin molecule, to produce a 
derivative chimeric molecule (see PCT application WO 86/01533, Neuberger 
25 and Rabbits/Celltech). A further possibility would be to produce a cliimeric 
immunoglobulin having different specificities in its different variable regions, 
e.g., the monoclonal antibodies of the present invention (see European patent EP 
68763). 

European patent BP 239400 (Winter) describes how it is possible 
30 to make an altered, derivative, antibody by replacing the complementarity 

determining regions (CDRs) of the variable domain of an iinmunoglobulin with 
tlie CDRs from an immunoglobulin of different specificity, using recombinant 
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DNA techniques - so called "CDR-grafting". This enables altering the 
antigen-binding specificity of an antibody. (In the present case it might be the 
CDRs of RIB 5/2, of 5c8, of an antibody with the same binding specificity as 
these aiiti-CD4 and aiiti-CD40L antibodies, or of antibodies which is 
5 cross-reactive with RIB 5/2 or 5c8 wliich are transfenred to another antibody.) 
Thus, CDR grafting enables "hxmianization" of antibodies, in combination with 
alteration of the variable domain firamework regions. 

Humanized antibodies are antibodies initially derived fi*om a 
nonhuman mammal in which i-ecombinant DNA technology has been used to 

10 substitute some or all of the amino acids not required for antigen binding with 
amino acids from corresponding regions of a human immxmoglobin light or 
heavy chain. That is, they are chimeras comprising mostly himian 
immunoglobulin sequences into wliich the regions responsible for specific 
antigen-bmding have been inserted (see, e.g., PCT patent application WO 

15 94/04679). 

Humanized antibodies minimize the use of heterologous (inter- 
species) sequences in antibodies for use in himian therapies, and are less likely to 
elicit unwanted immune responses. For example, a *liimianized" antibody 
containing the CDRs of a rodent antibody specific for an antigen of interest 
20 might well be less likely to be recognized as foreign by tlie inmiune system of a 
human. It follows that a "himianized" antibody with the same binding 
specificity as, e.g., mAb RIB 5/2, mAb 5c8, or an antibody that cross-reacts with 
either might well be of particular use in human therapy and/or diagnostic 
methods, 

25 A hxmianized antibody may be produced, for example, animals 

may be iramxmized with the desired antigen, the corresponding antibodies are 
isolated and the portion of the variable region sequences responsible for specific 
antigen binding are removed. The animal-derived antigen binding regions are 
then cloned into the appropriate position of the hxmian antibody genes in which 

30 the antigen binding regions have been deleted. Primatized antibodies can be 
produced similarly. 
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Another embodiment of the invention includes the use of human 
antibodies, which can be produced in nonhuman animals, such as transgenic 
animals harboring one or more human immunoglobulin transgenes. Such 
animals may be used as a source for splenocytes for producing hybridomas, as 
5 described in U.S. 5,569,825. Human antibodies can also be directly provided by 
reconstituting the himian immmie system in mice lacking their native immune 
system, then producing human antibodies in these "humanized mice." 

Antibody fragments and univalent antibodies also can be used in 
practice of this invention. Univalent antibodies comprise a heavy chain/light 
10 chain dimer bound to the Fc (or stem) region of a second heav}^ chain. 'Tab 
region" refers to those portions of the chains which are roughly equivalent, or 
analogous, to the sequences which comprise the Y branch portions of the heavy 
chain and to the light chain in its entirety, and which collectively (in aggregates) 
have been shown to exhibit antibody activity. A Fab protein includes aggregates 
15 of one heavy and one light chain (commonly known as Fab'), as well as 
tetramers wliich correspond to the two branch segments of the antibody Y, 
(commonly loiown as F(ab')2), whether any of the above are covalently or non- 
covalently aggregated, so long as the aggi"egation is capable of selectively 
reacting with a particular antigen or antigen family. 
20 Anti-idiotopic Antibodies 

The provision of an antibody such as RIB 5/2 or 5c8 allows 
persons skilled in the art to obtain binding partners, e.g., antigens/epitopes or 
antibody/paratopes which bind to it. Therefore, the present invention also 
provides binding partners, e.g., antigens and/or antibodies which bind with an 
25 antibody or derivatives thereof as hereby provided, such as RIB 5/2 and 5c8. 

The binding partners obtained by use of the RIB 5/2 roAb and 5c8 
mAb may also be used to produce additional ligands, e.g., antibodies other than 
RIB 5/2 or 5c8 (or molecules having antibody-like bindiag function, e.g., 
fragments, derivatives and synthetic analogues of antibodies such as single-chain 
30 antigen-binding molecules). Therefore, also provided are ligands, e.g., mAbs 
which are able to bind with a binding partner which is able to bind with the RIB 
5/2 mAb and 5c8 mAb. Such ligands ("cross-reactive ligands")? e-g-» niAbs may 
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recognize the same epitope as recognized by RIB 5/2 mAb and 5c8 inAb on said 
binding partner. 

The present invention also provides derivatives, functional 
equivalents (e.g., a molecule having an antibody-lilce binding specificity) and 
5 j&agments of said cross-reactive Ugands, perhaps produced using one or more of 
the teclmiques of recombinant DNA technology referred to and discussed above. 
Also included ai'e single domam Ugands (mAbs) as described m PCX application 
WO 90/05144. 
Antigen Isolation 

10 Using standard techniques, it is possible to use a ligand, e.g., 

antibodies of the present invention and derivatives thereof, in the 
inmiunopurification of a binding partner antigen. Techniques for 
irmnunoaffinity column purification are well Imown, see for instance "Current 
Protocols in Immunology," ed. J. E. CoUgan et al, John Wyley and Sons, Unit 

15 8.2. Isolation of the epitope and compounds binding to the epitope are 
contemplated by this invention. For example, the mAb RIB 5/2, wliich is 
directed against the CD4 receptor, will bind to a CD4 epitope on CD4+ cells. 
Similarly, mAb 5c8 will bind to an epitope on CD40L in cells expressing 
CD40L. These epitopes may then be purified, for instance utilizing an 

20 immunoaffinity column (as discussed), and partially or wholly sequenced, for 
instance using repeated rounds of Edmaii degradation. 

In addition, it should be possible to use an immunoaffinity 
colimm to isolate cross-reactive ligands as discussed above, without needing to 
isolate the antigens themselves. A first round of inununoaffinity purification 

25 uses a ligand, e.g., mAb RIB 5/2, mAb 5c8, etc., to remove fi-om a sample the 
antigen-containing binding partner, which may then be used in the column to 
select, from a heterogeneous population of hgands, those hgands which are 
cross-reactive with mAb RIB 5/2, mAb 5c8, etc., and recognize the same binding 
partners. 

30 A binding partner, such as a peptide or small binding molecule, 

isolated using the Hgand, e.g., mAb RIB 5/2, mAb 5c8, etc., may be used to 
select cross-reactive ligands from a repertoire or heterogenous population of 
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antibodies generated by a wide variety of means. One way is to select 
monoclonal antibodies and cell lines producing them by the standard hybridoma 
techniques. Also provided by the present invention are immortalized cells, e.g., 
hybridomas producing said cross-reactive ligands. 
5 Another way of selecting ligands which are cross-reactive with a 

ligand such as the RIB 5/2 mAb or 5c8 mAb is to use the methods for producing 
members of specific binding pairs disclosed in PCX application WO 92/01047 
(Cambridge Antibody Teclinology Limited and MRC/McCafferty et al.). This 
pubHcation discloses expression of polypeptide chain components of a 
10 genetically diverse population of specific binding pair members, such as 

antibodies, fused to a component of a secreted rephcable genetic display package 
(R.GDP), such as a bacteriophage, which thereby displays the polypeptide on the 
sxirface. Very large repertoires of displayed antibodies may be generated, and 
screened by means of antigen binding to obtain one or more antibodies of 
15 interest, along with the DNA encoding them. DNA encoding for a polypeptide 
displayed on the surface of an RGDP is contained within the RGDP and may 
therefore be easily isolated and cloned for expression. The antibody repertoire 
screen may of course be derived from a human source. 
Routes of Administration 
20 The CD40L and CD4 bindmg intermptors, such as an anti- 

CD40L antibody and an anti-CD4 antibody, used in the invention can be 
administered in any manner which is medically acceptable. Depending on the 
specific circumstances, local or systemic administration may be desirable. 
Preferably, the agent is administered via a parenteral route such as by an 
25 intravenous, intraarterial, subcutaneous, intramuscular, intraorbital, 

mtraventricular, inti'aperitoneal, subcapsular, intracranial, intraspinal, or 
intranasal injection, infusion or inhalation. The agent also can be administered 
by implantation of an infiasion pump, or a biocompatible or bioerodable 
sustained release implant, into the recipient host, either before or after 
30 implantation of donor tissue. Alternatively, certain compounds of the invention, 
or fomiulations thereof, may be appropriate for oral or enteral administration. 
Still other compounds of the invention will be suitable for topical administration. 
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In further embodiments, the CD40L and CD4 antibodies are 
provided indirectly to the recipient, by administration of a vector or other 
expressible genetic material encoding the antibodies. The genetic material is 
intemalized and expressed in cells or tissue of the recipient, thereby producing 
5 the interraptor in situ. For example, a suitable nucleic acid construct would 
comprise sequence encoding one or more of the niAb 5c8 immunoglobulin (Ig) 
chains (as disclosed in U.S. Pat, 5,474,771) and/or one or more of the mAb RIB 
5/2 Ig chains. Other suitable constructs would comprise sequences encoding 
cliimeric or humanized versions of the mAb 5cS Ig chains or antigen-binding 

10 ixagnients thereof, and/or mAb RIB 5/2 Ig chains or antigen-binding fragments 
thereof. Still other suitable constructs would comprise sequences encoding part 
or all of other CD40L-specific mAbs and/or CD4-specific mAbs. The construct 
is delivered systemically or locally, e.g., to a site vicinal to the site of 
implantation of insulin-expressing tissue. 

15 Altematively, the vector or other genetic material encoding the 

CD40L antibody and/or CD4 antibody is intemalized within a suitable 
population of isolated cells to produce interruptor-producing host cells. These 
host cells then are implanted or infused into the recipient, either locally or 
systemically, to provide in situ production of the CD40L antibody and/or CD4 

20 antibody. Appropriate host cells include cultured cells, such as immortalized 

cells, as well as cells obtained from the recipient (e.g., peripheral blood or lymph 
node cells, such as natural killer (NK) cells). 

In general, the active agents of the mvention are administered to 
the recipient host. However, the compounds also can be administered to the 

25 donor, or to the donor tissue. For example, an antibody or antibodies of the 
present invention can be included hi a perfusion or preservative fluid in wliich 
the donor tissue is stored or transported prior to its integration into the recipient 
host. 

Formulation 

30 In general, the agents used in practice of the invention are 

suspended, dissolved or dispersed in aphaimaceutically acceptable carrier or 
excipient. The resulting therapeutic composition does not adversely affect the 

22 

BNSDOCID: <WO 0193908A1JA> 



wo 01/093908 



PCT/IJSOl/18001 



recipients homeostasis, particularly electrolyte balance. Tims, an exemplary 
carrier comprises normal physiologic saline (0. 15M NaCl, pH 7.0 to 7.4). Other 
acceptable carriers are well known in the art and are described, for example, in 
Remington's Pharmaceutical Sciences, Gennaro, ed., Mack Publishing Co., 
5 1990. Acceptable carriers can include biocompatible, inert or bioabsorbable 
salts, buffering agents, oUgo- or polysaccharides, polymers, viscosity-improving 
agents, preservatives, and the like. 

Any CD40L binding intemiptor or CD4 binding interruptor, such 
as an anti-CD40L antibody or an anti-CD4 antibody, that is used in practice of 
10 the invention is formulated to deliver a pharmaceutically-effective or 

therapeutically-effective amount or dose, which is an amount sufficient to 
produce a detectable, preferably medically beneficial effect on the recipient. 
Medically beneficial effects would include preventing, delaying or attenuatuig 
deterioration of, or detectably unproving, the recipient's medical condition. As 
15 an example, renal function and health of a kidney allograft or xenograft can be 
monitored by routinely measuring the concentrations of blood m'ea nitrogen or 
creatinine, or the volume or solute contents of urine, or the rate of clearance of 
relevant solutes fi-om the blood into the urine. Similarly, glucoregulatory 
fiuiction and healtli of insulin-producuag allograft or xenograft can be monitored 
20 by routinely measuring the concentrations of blood or urine glucose, glucose 
metabolites, or insulin, or measuring insulin response to glucose challenge, e.g., 
in a conventional glucose tolerance test. 

Thus, an effective amount of a therapeutic agents of the invention, 
such as a CD40L antibody and a CD4 antibody, is any amount which detectably 
25 decreases the recipient's dependence on insulin replacement therapy. An optimal 
effective amount is one which substantially frees the recipient of dependence on 
exogenous insulin. More specifically, an effective amount is one which induces 
partial or substantially complete engraftment (acceptance and fimction) of donor 
insulin-producing tissue. 
30 Dosages and Frequencv of Treatment 

The present invention provides a combination of one or more 
agents capable of binding to CD40L, and one or more agents capable of binding 
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to CD4 for administration to patients who have received allografts and/or 
xenografts. The invention includes the use of the combination in an appropriate 
pharmaceutical formulation such as a unit dosage fonn, along with one or more 
drugs used to suppress rejection induced by pre-existing antibodies. Such drugs 
5 could include cyclophosphonamide, Deoxyspergualin and the lilce. 

The amount of and frequency of dosing for any particular agent to 
be used in practice of the invention is within the skills and clinical judgement of 
ordinary practitioners of the tissue transplant arts, such as transplant surgeons. 
The general dosage and administration regime is established by preclinical and 

10 clinical trials, which involve extensive but routine studies to detennine effective, 
e.g., optimal, administration parameters for the desired agent. Even after such 
recommendations are made, the practitioner will often vary these dosages for 
different recipient hosts based on a variety of considerations, such as the 
recipient's age, medical status, weight, sex, and concurrent treatment with other 

15 pharmaceuticals. Determining effective dosage and administration regime for 
each combination of CD40L antibody and CD4 antibody used to inhibit graft 
rejection is a routine matter for those of skill in the pharmaceutical and medical 
arts. The dosage amoimt and time course of should be sufficient to produce a 
clinically beneficial change in one or more indicia of the recipient's health status. 

20 Appropriate dosages of any of said agents will, of course, vary, 

e.g., depending on the condition to be treated (for example the disease type or 
the nature of resistance), the effect desired, and the mode of administration. 
Dosages effective in humans can be derived from dosages effective in mice and 
other manmials by methods loiown to the art, i.e., U.S. Patent. No. 5,035,878. 

25 In general, however, satisfactory results are obtained on 

administration parenterally, e.g., inti-avenously, for example by i.v. drip or 
iafiision, at dosages of each agent on the order of from 0,01 to 2.5 up to 5 mg/kg, 
e.g., on the order of from 0.05 or 0.1 up to 1.0 mg/kg. Suitable dosages for 
himiau patients are thus on the order of from 0.5 to 125 up to 250 mg iv, e.g., on 

30 the order of from 2.5 to 50 mg i.v. The agents may be administered daily or 

every other day or less frequently at diminishing dosages to maintain a niinimum 
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level of agents in the blood during the antigen challenge, e.g., following organ 
transplant or during the acute phase of an autoimmune disease. 

The phaanaceutical compositions of the present invention may be 
manufactured in conventional manner. A composition according to ftie 
5 invention is preferably provided in lyophilized form. For immediate 

administration it is dissolved in a suitable aqueous carrier, for example sterile 
water for injection or sterile buffered physiological saline. If it is considered 
desirable to malce up a solution of larger volume for administration by infusion 
rather as a bolus injection, it is advantageous to incorporate human serum 
1 0 albumin or the patient's own heparinized blood into the saline at the time of 
formulation. The presence of an excess of such physiologically inert protein 
prevents loss of antibody by adsorption onto the walls of the container and 
tubing used with the infusion solution. If albumin is used, a suitable 
concentration is from 0.5 to 4.50% by weight of the saline solution. 
15 In clinical tests, for example, patients about to islet 

transplantation are selected for prophylactic therapy. On the day of 
transplantation, 2 hours prior to surgery, a first intravenous infusion of the 
CD40L antibody and/or the CD4 antibody is administered at a dose of 0.2 mg of 
each antibody per kg of body weight. Two days after surgery an identical 
20 infusion of the combination and/or individual antibody at 0.4 mg/kg of body 

weight is administered and then repeated at weekly intervals for one month. The 
intravenous infusions are prepared as follows: the lyophilized antibodies are 
mixed together and dispersed into 100 ml sterile buffered saline containing 
4.51% by weight of human albumin. This saline dispersion is administered to 
25 the patients over a 30 minute period. 
Adjuvant Agents 

It is also contemplated that an anti~CD40L and anti-CD4 
combination of the invention may be given alone or with standard 
immunosuppressant or anti-inflammatory agents. These would include 
30 cyclosporin, FK-506, Leflunomide, Rapamycin, cyclophosphamide, 

mycophenolate mofetil, Deoxyspergualin, corticosteroids, azathiorpine, OKT-3 
and the like, and others. Use of the compounds and/or antibodies of the 
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invention is expected to reduce the dosage requirements for such drugs and 
thereby to reduce undesired side effects. The compounds may also be used in 
combination with otitier monoclonal antibodies or other compounds specifically 
recognizing particular lymphocyte sub-populations, e.g., CD25 mAbs, CD45RB 
5 inAbs, CTLA4~Ig fusion peptide, etc. 

Ex Vivo. Conditioning of Recipient's Lymphocytes 

In some cases, immune suppression and/or tolerization may be 
enhanced by administering an amount of lymphocytes derived from the recipient 
that have been conditioned in vivo or ex vivo with the combination of anti- 

10 CD40L and anti-CD4 antibodies useful in the present invention. The 

conditioned or anergized lymphocytes can be given before, simultaneously with, 
or following transplantation and/or administration of the combination of 
antibodies, in an amount effective to induce or assist in inducing immune 
tolerance in the recipient. The lymphocytes preferably are obtained from the 

15 recipient prior to transplantation or other treatment, preconditioned by exposure 
to the antibodies employed in the present method, and exposed to the antigens on 
the donor material, prior to re-introduction into the recipient. 

The invention will now be further described by reference to the 
following detailed examples. 

20 EXAMPLE 1 : Evaluation of irmnunosuppressive drugs in the prevention of islet 
cell xenograft rejection 

Pancreata were removed from donor outbred female pigs, > 2 
yeai's old, by standard surgical technique. Following removal, pancreata were 
perfused with Liberase HI (Roche Diagnostics Corp., IndianapoUs, IN., U.S.A., 

25 Cat. No. 1666720) for intraductal distension. Islet cells were dissociated from 
the perfused pancreata by the automated method. Cleaved islets wei'e separated 
from non-islet tissue by continuous OptiPrep gradients (Accurate Chemical and 
Scientific Corp., Westbury, N.Y., U.S.A., Cat. No. AN-1030061) on a COBB 
2991 cell separator (Gambro BCT hitemational, Lakewood, Colorado, U.S.A.). 

30 The resulting free floating, pirrified islet cells were cultured in Ml 99 medium 
supplemented with 20% donor pig serum for 48 hours at 37°C. 



26 



BNSDOCID: <WO 019390BA1JA> 



(• 

wo 01/093908 



PCT/USOl/18001 



Transplantation was conducted by standard surgical tectmiqueV 
Briefly, the recipient animals, non-diabetic inbred male Lewis rats weighing 
250-270 grams, were anesthetized with Telazol 0.20 mg/kg BW, administered 
i.m.. In addition, the analgesic buprinorphine was administered s.c. to the 
5 recipient animals. Transplantation was conducted by making a left flanlc 
incision on the recipient, into which 2,000 donor islet equivalents (IE) were 
injected xmder the left kidney capsule via PE-50 tubing according to standard 
procedure. 

In this study, recipients were administered the following 
10 immunosuppressive drugs: anti-CD40L mAb AH.F5 (Biogen, hic, Cambridge, 
Massachusetts, U.S.A.; 12 mg/kg BW, administered i.p, on day -1, 0, 1, 7, and 
then twice weelcly); non-depleting anti-CD4 mAb RIB 5/2 (20 mg/lcg BW, 
administered i.p. on day -1, 0, 1, 2, 3, 5, and then twice weekly); Ha4/8, a non- 
specific control to anti-CD40L (12 mg/kg BW, administered i.p. on day -1, 0, 1, 
15 7, and then twice weekly); and FK-506 (Prograf, Fujisawa, Inc; diluted to 1 .25 
mg/ml in sterile water, 0.3 mg/kg BW, administered i.m. daily firom day -2, i.e., 
2 days prior to transplant). 

Animals were sacrificed by inti*acardiac exsanguination after ether 
anesthesia on day +12 post transplant for histological analysis of the graft. 
20 Kidneys bearing xenografts were harvested, snap frozen in liquid ndtrogen and 
stored at -70°C. 

Radioimmunoassay (RIA) analysis for porcine C-peptide and rat 
insulin was conducted at sacrifice as follows. Insulin serum concentration and 
C-peptide concentration were determined with ^^^I-labeled RIA. The KIA kits 

25 (Lineo Research, Inc., St. Charles, MO, U.S.A.) utilized antibodies made 

specifically against the porcine C-peptide and rat insulin peptides. All samples 
were counted and the concentration of peptides was automatically calculated 
with a gamma comter (1282 Cumpagamma, LKB Instruments, Inc., 
Gaithersburg, MD, U.S.A.). 

30 The following primary Abs were used for immunohistochemical 

analysis: W3/24 (anti-CD4; available from Pharmingen) W3/13 (anti-CD3; 
available from Pharmingen); OX-8 (anti-CD 8; available from Pharmingen); 
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MCI .2.3 (anti-NK cell; available from Phaxmingen); OX-33 (anti-B cell; 
available from Serotec); EDI (aiiti-CD68/macrophages; available from Serotec); 
and insulin from Dako. The immimohistochemical analysis was visualized by an 
avidin-biotin-peroxidase complex method and AEC as chromogen. In the case 
5 of a positive immimoreaction, a red-brown precipitate developed. 
Results 

Results of this study are presented in Table 1. 



TABLE 1 





Treat- 
ment 


n 


PCP' 


Toxic- 
ity 


Insulin 


EDI 
(CD68) 


CD3 
(Tcells) 


CD8 


CD4 


OX33 
(B cells) 


NECRP-l 


1 


control 


6 


<0„1 


none 




-H- 




"H"/~f f^f* 


-K-f- 


4-f 


4-f/4-H- 






4 


aCD40L 


3 


<0,1 


none 




-H-/+++ 






4-++ 


4-f/44-+ 




5 


aCD4 


3 


0 


none 


-f+(0) 


++ 


+-H-(0) 


++ 


■f-H- 


4~i' 


4-+ 


1 o 


rla4/o 


D 




none 
















3 


FK 


3 


<0.1 




-H- 


4- 




+ 


44- 


4- 


4-/44- 


13 


aCD40L 
+ aCD4 


3 


0.56 


none 






++ 






0 


4- 


19 


Ha4/8 + 
aCD4 


3 




none 
















11 


FKf 
aCD40L 


2 


<0.1 






+ 


■f 


+ 




0 


4- 


12 


FK 

+aCD4 


3 


0 




+++ 


-H- 


+/++ 


+ 




4- 


+ 


16 


FK4- 
aCD40L 
+ aCD4 


3 


<0.1 




+++ 


4- 


4- 






0 


4- 



20 * PCP levels are measured in ng/ml senmi. Values below 0.9 or above 10.0 



ng.ml fall off the standard curve. Reported value is the average value. 

Key: For insulin staining, 0=absent; + = single cell only; 4-4- == cell 
groups; and -H~4- = large cell groups; for degree of leulcocytic infiltration (JRCX 
0 = absent; + = single or few; -H- = moderate; 4-4-4- == plenty. 
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ImmimQlustochemical evaluation 

Control animals, i.e., untreated animals, had very few remaining 
insulin staining cells. There was a heavy infiltrate of macrophages, T and B 
cells. Many NK. cells were also present. The graft was clearly rejected in a 

5 pattern described in the literature. 

Animals treated by monotherapy, i.e., recipients that were 
administered solely AH.F5 or RIB 5/2, had single and small cell groups staining 
for insulin, respectively. Both drugs had an infiltration of mononuclear cells 
comparable to controls. Ha4/8 monotherapy had no effect in preventing 

10 rejection of the xenograft in recipients. In the FK506 monotherapy treated 
animals there was a significant difference in the pattern of hxfiltration. There 
was a fewer number of macrophages, CDS, CD4, CDS, B cells and NIC cells than 
in the untreated controls. 

Results from animals treated with double-therapy, i.e., witihi a 

15 combination of two antibodies are as follows. Animals administered a 

combination of anti-CD40L and anti-CD4 antibodies demonstrated prevention of 
the infiltration of EDI, CD3, CD4, CDS and NK cells in the graft. In addition, B 
cells were completely absent from the graft. However, there was a diffuse 
perigraft infiltration consisting of a few macrophages (mainly on the capsular 

20 side of the graft) and T cells (mahily on the kidney/graft border). The gi*aft itself 
was morphologically intact with strong staining for insulin in large cell groups. 
Animals treated with a combination of the control antibody Ha4/8 and anti-CD4 
antibody demonstrated complete rejection. Treatment with a combination of 
FK506 and anti-CD40L antibodies also prevented rejection effectively. There 

25 were single or few infiltrating cells of all stained phenotypes, even fewer CD3 

cells than in the anti-CD40L plus anti~CD4 double antibody treatment. The graft 
itself was morphologically intact with large cell groups with strong staining for 
insulhi. 

In animals treated with triple therapy, i.e., anti-CD40L, anti-CD4 
30 together with FK506 antibodies, equal efficacy in preventing graft infiltration 
and rejection as achieved as with the combination of anti-CD40L and anti-CD4. 
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The graft itself was moiphologically intact with large cell groups, strongly 
staining for insulin. 

Control animals mcreased on average 15% in weight. All 
antibody treated animals (alone or in combination, but without FK506) increased 
5 weight parallel to untreated controls. When FK506 was added, the animals 

failed to increase weight or lost a marginal amount, ai'oimd 5%. This toxicity is 
significant, considering tliat the follow up was only 12 days and that the dose of 
FK506 (0.3 mg/kg BW) is equal or lower than in studies reporting no toxicity. 

Control animals had very low levels of porcine C-peptide (PCP) 
10 in serum at 12 days. Animals treated with antibody monotherapy or FK alone 
were not different from controls. In the group treated with anti-CD40L and anti- 
CD4, there was 0.56 ng/ml PCP in serum, significantly higher than any other 
group. 

EXAMPLE 2: Combined therapy with non-depleting anti-CD4 and anti-CD40L 

15 prevents islet xenograft rejection : 
Diabetes was induced in inbred male Lewis rats, weighing 250- 
270 gi^ams, by the intravenous injection of streptozotocin, 55 mg/kg BW, nine 
days prior to islet cell transplantation. The measurement of glucose levels in the 
recipients revealed the onset of hyperglycemia (>400 mg glucose /dL) for three 

20 days prior to islet cell transplantation. 

Islet cells from donor outbred female pigs, > 2 years old, were 
prepared for transplant as described previously. 

Recipient animals were anesthetized (Telazol, 0.20 mg/kg 
i.m.). Buprinorphine was administered to the recipient animals s.c. 

25 Transplantation was conducted as described above, during which 15,000 donor 
islet equivalents (IE) were injected together with anti-CD4 (RIB 5/2; 20 mg/kg 
BW, administered i.p. on day -1,0, 1, 2, 3, 5, and then twice weekly) plus anti- 
CD40L (.AH.F5; 12 mg/lcg BW, admimstered i.p. on day -1, 0, 1, 7, and then 
twice weekly) combination therapy. 

30 Following transplant, glucose levels were monitored daily for the 

first 15 days, and then every other day. PCP semm levels were monitored at the 
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time of sacrifice and insulin extraction was performed as described above at the 
time of sacrifice. PCP monitoring was conducted by RIA as described above. 

Insulin extraction was perfomied in all animals in this study at the 
time of sacrifice. Harvested pancreas tissue was snap-firozen in liquid nitrogen. 

5 To extract insulin, frozen tissue was homogenized in Ziegler Reagent, followed 
by sonication. After overnight incubation, the sample was buffered with 0.855 
M Tris buffer. The sample was centrifuged for at 4°C for 10 minutes at 2000 x 
g. Then, the sample was aliquoted and stored at -70°C pending RIA analysis, in 
which insuUn serum concentration was determined with ^^^Habeled RIA. The 

10 RIA Idts (Lineo Research, Inc., St. Charles, MO, U.S.A.) utiHzed antibodies 
made specifically against rat insulin peptide. All samples were counted and the 
concentration of peptides was automatically calculated with a gamma counter 
(1282 Cumpagarama, LKB Instaraients, Inc., Gaithersbui-g, MD, U.S A.). 

Irmnunohistochemical analysis was conducted as described 

15 previously. 
Results 



Results of this study are presented in Table 2. 
TABLE 2 



Study 
ID 


Location 

of 

hifiltrate 


Day 

post 
Tx 


PCP* 


Tox- 
icity 


Insulin 


EDl 
(CD68) 


CD3 

(T 

cells) 


caD8 


CD4 


0X33 
(B 

cells) 


NKRP-1 


XC- 
30 


perigraft, 
scattered 
cells 


13 


0.42 


None 




+ 


0 


+ 


+ 


0 


((+)) 


xc- 

31 


perigraft, 
scattered 
cells 


13 


pend. 


None 




(+) 


(+) 


((+)) 


((+)) 


((+)) 


((+)) 


f XC- 
20 




18 


0.24 


None 


++ 


++ 


-H- 


+++ 




+ 


+ 


XC- 
23 


perigraft, 
3 small 
dense foci 


18 


n.d. 


None 


-f+ 


n.d. 


++ 


++ 


+ 


++ 


n.d. 
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XC-24 


perigraft, 
scattered 
cells 


18 


0.37 


None 








((+)) 


((+)) 


0 


((+)) 


XC-18 


perigraft, 
3 small 
dense 
foci 


24 


0 


None 


+ 




++ 






4- 


+ 


XC-22 


perigraft J 

small 

dense 

foci 


24 


0.07 


None 




-H- 


-H-4- 


-H-+ 




4- 





* PCP levels are measured in ng/ml serum. Values below 0.9 or above 10.0 



5 ng.ml fall off the standard curve. Reported value is the average value. 

Key: For insulin staining, 0=absent; + = smgle cell only; +4- = cell 
groups; and +++ = large cell groups; for degree of leukocytic infiltration (IHC), 
0 = absent; + == single or few; ++ = moderate; +4-+ = plenty. 

Graft morphology and the dynamics of the infiltrating cells in 
10 diabetic recipients receiving the combination therapy was studied. Animals were 
evaluated at day 13, 18 and 24 days post transplant. All animals were 
hyperglycemic at the time of sacrifice. 

At day 13, there were very few cells infiltrating the gi*aft (EDI, 
CDS, CD4, CDS, B cells, NK cells), identical to the results as described above. 
15 None of the cells infiltrated the graft, but instead remained in the perigraft area. 
The inflanmiatory cells were not clustered but rather were scattered aromid the 
graft. 

At day 18, there was an increase of the number of EDI, CDS, 
CDS, B-cells, and NK cells in two (XC-20 and XC-23) of the three animals. 
20 However, the ioflammatory cells did not enter the graft, but rather clustered 
around it. In the third animal, XC-24, the morphology of the graft appears as it 
did on day 13. The insulin stain revealed a large number of islet cell groups. 

At day 24, the shift of cells to gather in clusters continued, with 
increased numbers of EDI, CDS, CD4, and NK positive cells. The graft itself 
25 was still not infiltrated. The inflammatory cells were foimd in small, dense foci. 
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The small number of islet cells in XC-18 may be due to xmbalanced sectioning of 
the graft or a suboptimal number of islet cells transplaated. 

At days 13 and 18, the serum levels of PGP were comparable to 
those described in the previous example. However, at day 24, the serum levels 
5 were significantly lower, and not detectable in one animal (XC-18). The levels 
of PCP reflected graft fimction xmtil day 18. 

At no time in this experiment were the grafts infiltrated. Animals 
were sacrificed because graft rejection was suspected, rather than graft primary 
non-function (PNF). All aaimals in this experiment remained hyperglycemic 
10 until the time of sacrifice, with no difference in metabolic control in respect to 
either histology or level of serum PCP. It can be speculated that the mechanism 
with which the graft is indefinitely accepted with graft fimction is an active 
process, in wliich cytokines, e.g., BL-l, are secreted and inhibit the islets firom 
maintaining glycemic control without harming them pej- se. 
15 EXAMPLE 3: Evaluation of fimctional sxaft survival 

Islet cells from donor outbred female pigs, > 2 years old, were 
prepared for transplant as described above. 

Streptozotocin-diabetic recipient rats (XC-11, XC-12, XC-35, 
XC-36 and XC-37) were anesthetized (Telazol, 0.20 mg/lcg B.W., i.m.). 
20 Buprinorphine was administered to the recipient animals s.c. Transplantation 
was conducted as described above, during which the recipient animals received 
7,500-15,000 donor islet equivalents (IE) and anti-CD4 (RIB 5/2) plus anti- 
CD40L (AH.F5) combination therapy as described above. 

In this study, to protect the grafts firom hyperglycemia, animals 
25 were given insulin injections (human regular and NPH insulin) during the first 
ten days after xenograft transplantation, hisulin was administered once daily on 
a sliding scale (Table 3). 



TABLE 3 



Serum BGL (mg/dL) 


Insulm (U) 


Regular 


NPH 


less than 200 


0 


0 
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201-350 


0 


2 


351-450 


1 


3 


more than 45 1 


2 


4 



5 Following transplant, fed plasma glucose levels were monitored 

daily for the first 15 days or until the estabUshment of normoglycemia, after that, 
twice weekly. IVGTTs (0.5-1 .0 g glucose/kg BW) were performed twice in each 
animal The first test was performed around day 40-50 and the second was done 
either before nephrectomy or cessation of the immunosuppressive drug 

10 administration at day 100 ( m two of the annuals). Porcine C-peptide seram 

levels in response to glucose stimulation were assayed in each animal during the 
curative phase at aroimd day SO and rat C-peptide was assayed in response to 
glucose stimulation in some animals after nephrectomy. Xenograft morphology 
and beta cell/insulin content of the native pancreas were analyzed at the 

15 completion of the study. 
Results 

Results of this study are presented in Table 4. 



TABLE 4 





Study 


Location 


sample 


Tox- 


In- 


EDI 


CD3 


CDS 


CD4 


OX33 




20 


ID 


of 

Infiltrate 


tissue at 
day 


icity 


sulin 


(CD 
68) 


(Tcells) 






(BceUs) 


1 




XC- 




106 


none 


-H-4~f 


(+) 


0 


((+)) 


((+)) 


0 


((+)) 










11 
























xc- 




106 


none 


+4-++ 


(+) 


0 


((+)) 


(W) 


0 


((+)) 




12 






















25 


XC- 
35 


perigraft, 

one 

cluster 


100 


none 


•f ""'!"'"!" 


"{■'4" 




++ 


++ 




-H- 




XC' 


Tcell 


149 


none 


0 


-H- 


+++ 


+-h 




+ 


(+) 




36 


dom- 
inated rej. 
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xc- 


Tcell 


132 


none 


((+)) 


++ 










+ 


37 


dom- 
inated rej 





















Key: For insulm staining, 0=absent; + = single cell only; -H- = cell groups; and -HH- = large cell 
groups; for degree of leukocytic infiltration (IHC), 0 = absent; + = single or few; H-f- = moderate; 
5 +4^. plenty. 



Noxmoglycemia was restored after 16±11 .9 days and maintained 
for more than 100 days in diabetic rats receiving pig islet xenografts and 
combined therapy with RIB 5/2 and AH.F5 (Figure 1). In fact, three aiiimals 
demonstrated an initial period of PNF, and then turned normoglycemic. 

10 AH rats gained weight and showed no signs of toxicity. 

Glucose tolerance tests performed at day 40 and at day 100 
showed adequate response to glucose challenge compai"able to non-diabetic 
controls. IVGTTs performed in all animals at arontid day 50 and before graft 
nephrectomy or cessation of antibody administration at day 100. All showed 

15 normal lowering of plasma glucose in response to the stimulation and became 
normoglycemic at or before 40 minutes (Figm*e 2), 

Metabohc tests showed 46-1 85% increase in PCP and a return to 
normoglycemia within 40 minutes after an TV glucose challenge. Levels of PCP 
and porcine insulin (PI) were measured before and after glucose stimulation (0.5- 

20 1.0 g glucose/kg BW), meastrred at 0 and 20 minutes in serum. In all animals 
with xenogi*aft, there was adequate response to glucose stimulation, showing that 
the xenografts were functioning (Table 5 and Table 6). 
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TABLES 

Response in serum levels of porcine C-peptide to glucose stimulation. 



5 





Day post 


A% 


Day 


A% 


Day 


A% 




Tx 




post 




post 










Tx 




Tx 




XC^ll 


77 


84 


103 


83 


112 


0 ' 


XC-12 


77 


77 


103 


185 


112 


4 


XC-35 


93 


78 










XC-36 


93 


46 










XC-37 


93 


114 











10 

TABLE 6 

Response in serum levels of porcine insulin to glucose stimulation. 



15 





Day post 
Tx 


A% 


Day 
post 

Tx 


A% 


XC-11 


103 


879 


112 


-35 


XC-12 


103 


592 


112 


-29 


XC-35 


93 


76 






XC-36 


93 


97 






XC-37 


93 


586 







20 In all animals where drugs were ceased to be given at day 1 00 

(XC-36 and XC-37), the anhnals remained normoglycemic (200 mg/dL) for 41 
and 25 days respectively. Furthermore, XC-1 1 and XC-12 were nephrectomized 
on day 100 but stayed normoglycemic for 13 and 14 days respectively. To test 
whether the rat pancreas was regenerating functioning islets, insulin extraction 

25 tests on all rats were perfomied. Rat insulin extraction were performed on the 
sacrificed animals to ascertain that no function remained in the pancreas of the 
streptozotocin treated animals (Figures 3A and 3B). These results show a 
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signifxcaiit decrease of insulin and rat C-peptide (approximately 5%), consistent 
with histological findings. 

Xenografts removed jfrom three normoglycemic rats at day -l-lOO 
revealed an abundance of insulin staining, rich neovascularization, and absence 
5 of infiltrathig leukocytes. Rats returned to hyperglycemia 9.3±7.2 days after 
graft nephrectomy. The two animals in whom grafts were maintained after 
discontinuation of antibody therapy on day 100 remained nomioglycemic for an 
additional 21 and 41 days. Histology showed a dense inti*a- and periislet 
infiltrate, dominated by CD4+ and CD8+ cells and a small number of CD68+ 
1 0 cells. The beta cell number and insulin content of the recipient' s native pancreas 
were not different from diabetic, non-transplanted control animals. 
Conclusion 

In five out of five immunocompetent recipient Lewis rats, the 
combined modulation of signal 1, i.e., by the use of anti-CD40L antibody, with 

15 the blockade of signal 2, i.e., by the use of non-depleting anti-CD4 antibody, 
prevented islet xenograft rejection and reversed diabetes in the pig-to-rat model 
for more than 100 days in the absence of clinically evident toxicity. Metabolic 
and morphological studies proved xenograft fimction and survival. 

All publications, patents and patent documents are incorporated 

20 by reference herein, as though individually incorporated by reference. The 
invention has been described with reference to various specific and preferred 
embodiments and techniques. However, it should be understood that many 
variations and modifications may be made while remaining within the scope of 
the invention. 
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WHAT IS CLAIMED IS : 

1 . A method for ti-eating or preventing islet cell ti*ansplant rejection in a 
manmialian recipient, comprising administering to said recipient a combination 

5 of an antibody, fragment thereof, or mixture thereof that specifically bmds to the 
CD40 hgand, and an antibody, fragment thereof, or mixture thereof that 
specifically binds to the CD4 receptor, in an amount of said combination 
effective to inhibit a T-cell mediated immune response in the recipient to said 
islet cell transplant. 

10 

2. The method of claim 1, wherein the recipient is a human. 

3 . The method of claim 1 or 2, wherein said islet cell transplant is 
xenogeneic to the recipient. 

15 

4. The method of claim 1 or 2, wherein said islet cell transplant is 
allogeneic to the recipient. 

5. The method of claim 1, 2 or 3, wherein said islet cell transplant 
20 comprises porcine cells. 

6. The method of claim 1, 2, 3 or 4, wherein the combination is 
administered following transplantation. 

25 7, The method of claim 1, 2, 3 or 4, wherem the combination is 
administered concurrently with transplantation. 

8. The method of claim 1, 2, 3 or 4, wherein the antibody, fragment thereof, 
or mixture thereof that specifically binds to the CD40 ligand is monoclonal. 

30 

9 . The method of claim 8, wherein the monoclonal antibody is 5c8. 
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1 0. The method of claim 1 , wherein the antibody, fragment thereof, or 
mixture thereof that specijacally binds to the CD40 hgand comprises MRl. 

1 1 . The method of claim 1, 2 or 3, wherein the antibody, fragment thereof, or 
5 mixture thereof that specifically binds to the CD4 receptor is a. non-depleting 

antibody. 

12. The method of claim 1 1 , wherein the non-depleting antibody is 
monoclonal. 

10 

1 3 . The method of claim 1 , 2, 3 or 4, further comprising administration of at 
least one anti-inflammatory or immunosuppressive drug. 

14. The method of claim 13, wherem said anti-inflammatory or 

15 inmoLxmosuppressive drag is cyclosporin, cyclophosphamide, FK506, rapamycin, 
corticosteroids, mycophenolate mofetil, leflunoniide, deoxyspergualm, 
azathioprine, or OKT-3. 

15. The method of claims 1, 2, 3 or 4, wherein the amount is effective to 
20 induce inmiune tolerance in the recipient to the transplant. 

16. A method for treating an autoimmune disease, comprising administering 
to a mammal afflicted with an autoimmune disease, a combination of an amoioit 
of at least one compoimd which specifically binds to the CD40 ligand, and an 

25 amount of at least one compoimd which specifically binds to the CD4 molecule, 
wherein said amomits are effective to inhibit a T-cell mediated inraimie 
response. 

17. The method of claim 16 wherein said combination is comprised of a 
30 smgle chain antigen binding molecule, a small binding peptide or a mixture 

tliereof. 
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1 8. The method of claim 16, wherein said combination is comprised of at 
least one antibody. 

19. The method of claim 19, wherein the at least one antibody is a 
5 monoclonal. 

20. The method of claim 16, wherein the autoimmime disease is Type I 
diabetes. 
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Another embodiment of the invention includes the use of human 
antibodies, which can be produced in nonhuman animals, such as transgenic 
animals hai'boring one or more hxraian immunoglobulin transgenes. Such 
animals may be used as a sovirce for splenocytes for producing hybridomas, as 
5 described in U.S. 5,569,825. Hiunan antibodies can also be directly provided by 
reconstituting the himian immune system in mice lacking their native immune 
system, then producing human antibodies in these "humanized mice." 

Antibody fragments and univalent antibodies also can be used in 
practice of this invention. Univalent antibodies comprise a hea^^ chain/light 
10 chain dimer bound to the Fc (or stem) region of a second hea\'y chain. "Fab 
region" refers to those poilions of the chains wliich are roughly equivalent, or 
analogous, to the sequences which comprise the Y branch portions of the heavy 
chain and to the light chain in its entirety, and which collectively (in aggregates) 
have been shown to exhibit antibody activity, A Fab protehi includes aggregates 
15 of one heavy and one light chain (commonly knovra as Fab'), as well as 
tetramers which correspond to the two branch segments of the antibody Y, 
(commonly laiown as F(ab')2), whether any of the above axe covalently or non- 
covalently aggregated, so long as the aggregation is capable of selectively 
reacting with a particular antigen or antigen family. 
20 Anti-idiotopic Antibodies 

The provision of an antibody such as RJB 5/2 or 5c8 allows 
persons skilled in the art to obtain binding partners, e.g., antigens/epitopes or 
antibody/paratopes which bind to it. Therefore, the present invention also 
provides binding partners, e.g., antigens and/or antibodies which bind with an 
25 antibody or derivatives thereof as hereby provided, such as RIB 5/2 and 5c8. 

The binding partners obtained by use of the RIB 5/2 mAb and 5c8 
mAb may also be used to produce additional ligands, e.g., antibodies other than 
RIB 5/2 or 5c8 (or molecules having antibody-like binding function, e.g., 
fragments, derivatives and synthetic analogues of antibodies such as single-chain 
30 antigen-binding molecules). Therefore, also provided are ligands, e.g., niAbs 
which are able to bind with a binding partner which is able to bind with the RIB 
5/2 mAb and 5c8 mAb. Such ligands ("cross-reactive ligands"), e.g., mAbs may 
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recognize the same epitope as recognized by RIB 5/2 niAb and 5c8 mAb on said 
binding partner. 

The present invention also provides derivatives, functional 
equivalents (e.g., a molecule having an antibody-like binding specificity) and 
5 fragments of said cross-reactive ligaiids, perhaps produced using one or more of 
the techniques of recombinant DNA technology referred to and discussed above. 
Also included are single domain Ugands (niAbs) as described in PCT appUcation 
WO 90/05144. 
Antigen Isolation 

10 Using standard techniques, it is possible to use a ligand, e.g., 

antibodies of the present invention and derivatives thereof, in the 
immunopurification of a bindhag partner antigen. Teclmiques for 
hiununoaffinity column purification are well known, see for instance "Current 
Protocols in Immunology," ed. J. E. CoUgan et al, John Wyley and Sons, Unit 
15 8.2. Isolation of the epitope and compounds binding to the epitope are 
contemplated by tliis invention. For example, the mAb RIB 5/2, wliich is 
directed against the CD4 receptor, will bind to a CD4 epitope on CD4+ cells. 
Similarly, mAb 5c8 will bind to an epitope on CD40L in cells expressing 
CD40L. These epitopes may then be purified, for instance utilizmg an 
20 immunoaffinity colunm (as discussed), and partially or wholly sequenced, for 
instance using repeated rounds of Edman degradation. 

In addition, it should be possible to use an immunoaffinity 
column to isolate cross-reactive ligands as discussed above, without needing to 
isolate the antigens themselves. A first round of immimoaffinity purification 
25 uses a Ugand, e.g., mAb RIB 5/2, mAb 5c8, etc., to remove from a sample the 
antigen-containing binding partner, wlaich may then be used in the colimm to 
select, from a heterogeneous popxilation of ligands, those Mgands which are 
cross-reactive with mAb RIB 5/2, niAb 5c8, etc., and recognize the same binding 
partners. 

30 A binding partner, such as a peptide or small binding molecule, 

isolated using the ligand, e.g., mAb RIB 5/2, mAb 5c8, etc., may be used to 
select cross-reactive ligands from a repertoire or heterogenous population of 
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antibodies generated by a wide variety of means. One way is to select 
monoclonal antibodies and cell lines producing them by the standard hybridoma 
techniques. Also provided by the present invention are immortalized cells, e.g., 
hybridomas producing said cross-reactive ligands. 
5 Another way of selecting ligands which are cross-reactive with a 

ligand such as the RIB 5/2 mAb or 5c8 mAb is to use the methods for producing 
members of specific binding pairs disclosed in PCT application WO 92/01047 
(Cambridge Antibody Technology Limited and MRC/McCafferty et al.). This 
pubHcation discloses expression of polypeptide chain components of a 
1 0 genetically diverse population of specific bindmg pair members, such as 

antibodies, fused to a component of a secreted replicable genetic display package 
(RGDP), such as a bacteriophage, which thereby displays the polypeptide on the 
surface. Very large repertoires of displayed antibodies may be generated, and 
screened by means of antigen binding to obtain one or more antibodies of 
15 interest, along with the DNA encoding them. DNA encoding for a polypeptide 
displayed on the surface of an RGDP is contained within the RGDP and may 
therefore be easily isolated and cloned for expression. The antibody repertoire 
screen may of coui'se be derived from a hmnan source. 
Routes of Administration 
20 The CD40L and CD4 binding interraptors, such as an anti- 

CD40L antibody and an anti-CD4 antibody, used in the invention can be 
administered in any maimer wliich is medically acceptable. Depending on the 
specific circumstances, local or systemic administration may be desirable. 
Preferably, the agent is administered via a parenteral route such as by an 
25 intravenous, intraarterial, subcutaneous, intramuscular, intraorbital, 

intraventricular, intraperitoneal, subcapsular, intracranial, intraspinal, or 
intranasal injection, infusion or inhalation. The agent also can be administered 
by implantation of an infusion pump, or a biocompatible or bioerodable 
sustained release implant, into the recipient host, either before or after 
30 implantation of donor tissue. Altematively, certain compounds of the invention, 
or formulations thereof, may be appropriate for oral or enteral administration. 
Still other compounds of the invention will be suitable for topical administration. 
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In further embodiments, the CD40L and CD4 antibodies are 
provided indirectly to the recipient, by administration of a vector or other 
expressible genetic material encoding the antibodies. The genetic material is 
internalized and expressed in cells or tissue of the recipient, tliereby producing 
5 the intenxiptor in situ. For example, a suitable nucleic acid construct would 
comprise sequence encoding one or more of the niAb 5c8 immiuioglobulin (Ig) 
chains (as disclosed in U.S. Pat. 5,474,77 1) and/or one or more of the mAb RIB 
5/2 Ig chains. Other suitable constructs would comprise sequences encoding 
chimeric or humanized versions of the mAb 5c8 Ig chains or antigen-binding 

10 fragments thereof, and/or mAb RIB 5/2 Ig chains or antigen-binding fragments 
thereof. Still other suitable constructs would comprise sequences encoding part 
or all of other CD40L-specific mAbs and/or CD4-specific mAbs. The construct 
is delivered systemically or locally, e.g., to a site vicinal to the site of 
implantation of iasulin-expressing tissue. 
- 1 5 Alternatively, the vector or other genetic material encoding the 

CD40L antibody and/or CD4 antibody is intemaUzed within a suitable 
population of isolated cells to produce intermptor-producing host cells. These 
host cells then are implanted or infused into the recipient, either locally or 
systemically, to provide in situ production of the CD40L antibody and/or CD4 

20 antibody. Appropriate host cells include cultured cells, such as immortalized 

cells, as well as ceUs obtained from the recipient (e.g., peripheral blood or lymph 
node cells, such as natural killer (NK) cells). 

In general, the active agents of the invention are administered to 
the recipient host. However, the compounds also can be administered to the 

25 donor, or to the donor tissue. For example, an antibody or antibodies of the 
present iuvention can be included in a perfusion or preseivative fluid in which 
the donor tissue is stored or transported prior to its integration into the recipient 
host. 

Formulation 

30 In general, the agents used in practice of the invention are 

suspended, dissolved or dispersed in a pharmaceutically acceptable carrier or 
excipient. The resulting therapeutic composition does not adversely affect the 
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recipienf s homeostasis, particularly electi-olyte balance. Thus, an exemplary 
carrier comprises normal physiologic saline (0.1 5M NaCl, pH 7.0 to 7.4). Other 
acceptable carriers are well known in the art and are described, for example, in 
Remmgton's Pharmaceutical Sciences, Gexmaro, ed,. Mack PubUshiag Co., 
5 1990. Acceptable carriers can include biocompatible, inert or bioabsorbable 
salts, buffering agents, oligo- or polysaccharides, polymers, viscosity-improving 
agents, preservatives, and the Uke. 

Any CD40L binding interruptor or CD4 binding inteniiptor, such 
as an aiiti-CD40L antibody or an anti--CD4 antibody, that is used m practice of 
10 the invention is formulated to deliver a pharmaceutically-effective or 

therapeutically-effective amoimt or dose, which is an amount sufficient to 
produce a detectable, preferably medically beneficial effect on the recipient. 
Medically beneficial effects would include preventing, delaying or attenuating 
deterioration of, or detectably improving, the recipient's medical condition. As 
15 an example, renal ftinction aad healtli of a kidney allograft or xenograft can be 
monitored by routinely measuring the concentrations of blood urea nitrogen or 
creatinine, or the volimie or solute contents of urine, or the rate of clearance of 
relevant solutes from the blood into the luine. Similarly, glucoregulatory 
function and health of insulin-producing allograft or xenogi-aft can be monitored 
20 by routinely measuring the concentrations of blood or urine glucose, glucose 
metabolites, or insulin, or measuring insulin response to glucose challenge, e.g., 
in a conventional glucose tolerance test. 

Thus, an effective amount of a therapeutic agents of the invention, 
such as a CD40L antibody and a CD4 antibody, is any amount which detectably 
25 decreases the recipient's dependence on insulin replacement therapy. An optimal 
effective amount is one which substantially frees the recipient of dependence on 
exogenous insulin. More specifically, an effective amoxmt is one which induces 
partial or substantially complete engrafihnent (acceptance and fimction) of donor 
insulin-producing tissue. 
30 Dosages and Frequencv of Treatment 

The present invention provides a combination of one or more 
agents capable of binding to CD40L, and one or more agents capable of binding 
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to CD4 for administration to patients who have received allografts and/or 
xenografts. The invention includes the use of the combination in an appropriate 
pharmaceutical fomiulation such as a unit dosage fomi, along with one or more 
drugs used to suppress rejection induced by pre-existing antibodies. Such drugs 
5 could include cyclophosphonamide, Deoxyspergualin and the lilce. 

The amount of and frequency of dosing for any particular agent to 
be used in practice of the invention is within the skills and clinical judgement of 
ordinaiy practitioners of the tissue transplant arts, such as transplant surgeons. 
The general dosage and administration regime is established by preclinical and 

10 clinical trials, which involve extensive but routiiie studies to determine effective, 
e.g., optimal, administration parameters for the desired agent. Even after such 
recommendations are made, the practitioner will often vary these dosages for 
different recipient hosts based on a variety of considerations, such as the 
recipient's age, medical status, weight, sex, and concurrent treatment witli other 

15 pharmaceuticals. Detemiining effective dosage and administration regime for 
each combination of CD40L antibody and CD4 antibody used to inhibit graft 
rejection is a routine matter for those of skill in the pharmaceutical and medical 
arts. The dosage amount and time course of should be sufficient to produce a 
clinically beneficial change in one or more indicia of the recipient's health status. 

20 Appropriate dosages of any of said agents will, of course, vary, 

e.g., depending on the condition to be treated (for example the disease type or 
the nature of resistance), the effect desired, and the mode of administration. 
Dosages effective in hmnans can be derived from dosages effective in mice and 
other mammals by methods known to the art, i.e., U.S. Patent. No. 5,035,878. 

25 hi general, however, satisfactory results are obtained on 

administration parenterally, e.g., intravenously, for example by i.v. drip or 
infusion, at dosages of each agent on the order of from 0.01 to 2.5 up to 5 nig/kg, 
e.g., on tlie order of fi"om 0.05 or 0. 1 up to 1.0 mg/kg. Suitable dosages for 
human patients are thus on the order of from 0,5 to 125 up to 250 mg iv, e.g., on 

30 the order of from 2.5 to 50 mg i.v. The agents may be administered daily or 

every other day or less frequently at diminislung dosages to maintain a minimum 
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level of agents in the blood during the antigen challenge, e.g., following organ 
transplant or during the acute phase of an autoimmune disease. 

The pharmaceutical compositions of the present invention may be 
manufactured in conventional manner, A composition according to the 
5 invention is preferably provided in lyophilized form. For immediate 

administration it is dissolved in a suitable aqueous carrier, for example sterile 
water for injection or sterile buffered physiological saline. If it is considered 
desirable to make up a solution of larger volume for administration by infusion 
rather as a bolus injection, it is advantageous to incorporate human serum 

10 albumin or the patient^s own heparinized blood into the saline at the time of 
formulation. The presence of an excess of such physiologically inert protein 
prevents loss of antibody by adsorption onto the walls of the container and 
tubing used with the infusion solution. If albumin is used, a suitable 
concentration is from 0.5 to 4.50% by weight of the saline solution. 

15 In clinical tests, for example, patients about to islet 

transplantation are selected for prophylactic therapy. On the day of 
transplantation, 2 hoxirs prior to surgery, a first intravenous infusion of the 
CD40L antibody and/or the CD4 antibody is administered at a dose of 0.2 mg of 
each antibody per kg of body weight. Two days after surgery an identical 

20 infusion of the combination and/or individual antibody at 0.4 mg/kg of body 

weight is administered and then repeated at weekly intervals for one month. The 
intravenous infusions are prepared as follows: the lyophilized antibodies are 
mixed together and dispersed into 100 ml sterile buffered saline containing 
4.51% by weight of human albumin. This salme dispersion is administered to 

25 the patients over a 30 minute period. 
Adjuvant Agents 

It is also contemplated that an anti-CD40L and anti~CD4 
combination of the invention may be given alone or with standard 
hmnunosuppressant or anti-inflammatory agents. These would include 

30 cyclosporin, FK-506, Leflunoraide, Rapamycin, cyclophosphamide, 

mycophenolate mofetil, Deoxyspergualui, corticosteroids, azathiorpine, OKT-3 
and the like, and others. Use of the compounds and/or antibodies of the 
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invention is expected to reduce the dosage requirements for such drugs and 
thereby to reduce midesired side effects. The compounds may also be used in 
combination with other monoclonal antibodies or other compounds specifically 
recognizing particular lymphocyte sub-populations, e.g., CD25 mAbs, CD45RB 
5 mAbs, CTLA4-Ig fusion peptide, etc. 

Ex Vivo. Conditioning of Recipient's Lymphocytes 

In some cases, imimme suppression and/or tolerization may be 
enhanced by administering an amount of lymphocytes derived from the recipient 
that have been conditioned m vivo or ex vivo with the combination of anti- 

10 CD40L and anti-CD4 antibodies useful in the present invention. The 

conditioned or anergized lymphocytes can be given before, simultaneously with, 
or foUowhig transplantation and/or administration of the combination of 
antibodies, in an amomit effective to induce or assist in inducing inGonune 
tolerance in the recipient. The lymphocytes preferably are obtained from the 

1 5 recipient prior to transplantation or other treatment, preconditioned by exposure 
to the antibodies employed in the present method, and exposed to the antigens on 
the donor material, prior to re4ntroduction into the recipient. 

The invention will now be fruther described by reference to the 
following detailed examples. 

20 EXAMPLE 1 : Evaluation of immunosuppressive dmgs in the prevention of islet 
cell xenograft rejection 

Pancreata were removed from donor ontbred female pigs, > 2 
years old, by standard surgical technique. Following removal, pancreata were 
perftised with Liberase HI (Roche Diagnostics Corp., Indianapolis, IN., U.S.A., 

25 Cat. No. 1666720) for intraductal distension. Islet cells were dissociated from 
the perfused pancreata by the automated method. Cleaved islets were separated 
from non-islet tissue by continuous OptiPrep gradients (Accurate Chemical and 
Scientific Corp., Westbury, N.Y., U.S.A., Cat. No. AN-1030061) on a COBE 
2991 cell separator (Gambro BCT Intemational, Lakewood, Colorado, U.S.A.). 

30 The resulting free floating, purified islet cells were cultured in M199 medium 
supplemented with 20% donor pig serum for 48 hours at 37*^C, 
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Transplantation was conducted by standard surgical technique. 
Briefly, the recipient animals, non-diabetic inbred male Lewis rats weigliing 
250-270 grams, were anesthetized with Telazol 0.20 mg/kg BW, administered 
i.m.. In addition, the analgesic buprinorphine was administered s.c, to the 
5 recipient animals. Transplantation was conducted by making a left flank 
incision on tlie recipient, into which 2,000 donor islet equivalents (IE) were 
injected under the left Icidney capsule via PE-50 tubing according to standard 
procedure. 

In this study, recipients were administered the following 
10 immunosuppressive drugs: anti-CD40L niAb AH.F5 (Biogen, Inc., Cambridge, 
Massachusetts, U.S.A.; 12 mg/kg BW, administered i.p. on day -1, 0, 1, 7, and 
then twice weekly); non-depleting anti-CD4 mAb RIB 5/2 (20 mg/lcg BW, 
administered i.p. on day -1, 0, 1, 2, 3, 5, and then twice weekly); Ha4/8, a non- 
specific control to anti"CD40L (12 mg/kg BW, administered i.p. on day -1, 0, 1, 
15 7, and then twice weekly); and FK-506 (Prograf, Fujisawa, Inc.; diluted to 1,25 
mg/ml in sterile water, 0.3 mg/kg BW, administered i.m. daily fi-om day -2, i.e., 
2 days prior to transplant). 

Animals were sacrificed by intracardiac exsanguination after ether 
anesthesia on day +12 post transplant for liistological analysis of the graft.. 
20 Kidneys bearing xenografts were harvested, snap firozen in liquid nitrogen and 
stored at -70°C, 

Radioimmunoassay (RIA) analysis for porcine C-peptide and rat 
insulin was conducted at sacrifice as follows. Insulin serum concentration and 
C-peptide concentration were determined with ^^^I-labeled RIA. The RIA kits 

25 (Lineo Research, Inc., St. Charles, MO, U.S. A.) utilized antibodies made 

specifically against the porcine C-peptide and rat insulin peptides. All samples 
were counted and the concentration of peptides was automatically calculated 
with a gamma counter (1282 Cumpagamnia, LKB Instruments, Inc., 
Gaithersburg, MD, U.S.A.). 

30 The following primary Abs were used for immunohistochemical 

analysis: W3/24 (anti-CD4; available from Phaimingen) W3/13 (anti-CD3; 
available firom Pharmingen); OX-8 (anti-CD8; available from Pharmingen); 
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NK1.23 (anti-NK cell; available from Pharaiingen); OX-33 (anti-B cell; 
available from Serotec); EDI (anti-CD68/macrophages; available from Serotec); 
and insulin from Dalco. The immunohistocliemical analysis was visualized by an 
avidin-biotin-peroxidase complex method and AEC as chromogen. In the case 
5 of a positive immmioreaction, a red-brown precipitate developed. 
Results 

Results of this study are presented in Table 1 . 



TABLE 1 
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16 


FK.+ 
aCD40L 
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+++ 
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20 * PCP levels are measured in ng/ml serum. Values below 0.9 or above 10.0 
ng.ml fall off the standard curve. Reported value is the average value. 

Key: For insulin staining, 0=absent; + = single cell only; -H- = cell 
groups; and = large cell groups; for degree of leukocytic infiltration (EHC), 
0 = absent; = single or few; -f-f = moderate; +4-4- = plenty. 
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TTnmimohiqtodienn'cal evaluation 

Control animals, i.e., untreated animals, had very few remaining 
insulin staining cells. There was a heavy infiltrate of macrophages, T and B 
cells. Many NK cells were also present. The graft was clearly rejected in a 
5 pattem described in the literature. 

Animals treated by monotherapy, i.e., recipients that were 
administered solely AH.F5 or KEB 5/2, had single and small cell groups stainhig 
for insulin, respectively. Both drags had an infiltration of mononuclear cells 
comparable to controls. Ha4/8 monotherapy had no effect in preventing 
10 rejection of the xenograft in recipients. In the FK506 monotherapy treated 
animals there was a significant difference in the pattem of infiltration. There 
was a fewer number of macrophages, CDS, CD4, CDS, B cells and NK cells than 
in the imtreated controls. 

Results from animals treated with double-therapy, i.e., with a 
15 combination of two antibodies are as follows. Animals administered a 

combination of anti-CD40L and anti-CD4 antibodies demonstrated prevention of 
the infiltration of EDI, CDS, CD4, CDS and NK. cells hi the graft. In addition, B 
cells were completely absent from the graft. However, there was a diffuse 
perigraft infiltration consisting of a few macrophages (mainly on the capsular 
20 side of the graft) and T cells (mainly on the kidney/graft border). The graft itself 
was morphologically intact with strong staining for insulin in large cell groups. 
Animals treated with a combination of the conti-ol antibody Ha4/8 and anti-CD4 
antibody demonstrated complete rejection. Treatment with a combination of 
FK506 and anti-CD40L antibodies also prevented rejection effectively. There 
25 were single or few infiltrating cells of all stained phenotypes, even fewer CDS 
cells than in the anti-CD40L plus anti-CD4 double antibody treatment. The gi"aft 
itself was morphologically intact with large cell groups with strong staining for 
hisulin. 

In animals treated with triple therapy, i.e., anti~CD40L, anti-CD4 
30 together with FK506 antibodies, equal efficacy in preventing graft infiltration 
and rejection as achieved as with the combination of anti-CD40L and anti-CD4. 
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The gi-aft itself was morphologically intact with large cell groups, strongly 
staining for insulin. 

Control animals increased on average 15% in weight. All 
antibody treated animals (alone or in combination, but without FK506) increased 
5 weight parallel to untreated controls. When FK506 was added, the animals 

failed to increase weight or lost a marginal amount, around 5%, This toxicity is 
significant, considering that the follow up was only 12 days and that the dose of 
FK506 (0.3 mg/kg BW) is equal or lower than in studies reporting no toxicity. 

Conti-ol animals had very low levels of porcme C-peptide (PCP) 
10 in senrni at 12 days. Animals treated with antibody monotherapy or FK alone 
were not different from controls. In the group treated with anti-CD40L and anti- 
CD4, there was 0.56 ng/ml PCP in serum, significantly higher than any other 
group. 

EXAMPLE 2: Combined therapy with non-depleting anti-CD4 and anti-CD40L 

15 prevents islet xenogi-aft rejection 

Diabetes was induced m inbred male Lewis rats, weigliing 250- 
270 grams, by the intravenous injection of streptozotocin, 55 mg/lcg BW, nine 
days prior to islet cell transplantation. The measurement of glucose levels in the 
recipients revealed the onset of hyperglycemia (>400 mg glucose /dL) for three 

20 days prior to islet cell transplantation. 

Islet cells from donor outbred female pigs, > 2 years old, were 
prepared for transplant as described previously. 

Recipient animals were anesthetized (Telazol, 0.20 mg/kg B.W., 
i.m.). Buprinorphine was administered to the recipient animals s.c. 

25 Transplantation was conducted as described above, during which 15,000 donor 
islet equivalents (IE) were injected together with anti-CD4 (RIB 5/2; 20 mg/kg 
BW, admhiistered i.p. on day -1, 0, 1, 2, 3, 5, and then twice weekly) plus anti- 
CD40L (AH.F5; 12 mg/kg BW, admunstered i.p. on day -1, 0, 1, 7, and then 
twice weelcly) combination therapy. 

30 Following transplant, glucose levels were monitored daily for the 

first 15 days, and then every other day. PCP serum levels were monitored at the 
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time of sacrifice and insulin extraction was perfomied as described above at the 
time of sacrifice, PCP monitoring was conducted by RIA as described above. 

Insulin extraction was perfomied in all animals in this study at the 
time of sacrifice. Harvested pancreas tissue was snap-firozen in liquid nitrogen. 
5 To extract insulin, firozen tissue was homogenized in Ziegler Reagent, followed 
by sonication. After overnight incubation, the sample was buffered witli 0.855 
M Tris buffer. Hie sample was centrifuged for at 4°C for 10 minutes at 2000 x 
g. Then, the sample was aliquoted and stored at -70°C pending RIA analysis, in 
which insulin serum concentration was detennined with ^^^I-labeled RIA. The 
10 RIA kits (Lineo Research, Inc., St. Charles, MO, U.S.A.) utilized antibodies 
made specifically against rat insulin peptide. All samples were counted and the 
concentration of pep tides was automatically calculated with a gamma counter 
(1282 Cumpagamma, LKB Instmments, Inc., Gaithersburg, MD, U.S.A.). 

hnmunohistochemical analysis was conducted as described 

15 previously. 
Results 

Results of this study are presented in Table 2. 



TABLE 2 



Study 
ID 


Location 
of 

Infiltrate 


Day 
post 
Tx 


PCP* 


Tox- 
icity 


Insulin 


EDI 
(CD68) 


CD3 
(T 

ceUs) 


CDS 


CD4 


OX33 
(B 

cells) 


NICElP-1 


XC- 
30 


perigraft, 
scattered 
cells 


13 


0.42 


None 






0 




+ 


0 


((+)) 


XC» 
31 


perigraft, 
scattered 
cells 


13 


pend. 


None 


-H-4- 


(+) 




((+)) 


((+)) 


((+)) 


m 


XC- 
20 




18 


0.24 


None 


+4- 


++ 


-H- 










XC- 
23 


perigraft, 
3 small 
dense foci 


18 


n.d. 


None 


-H- 


n.d. 


++ 






++ 


n.d. 
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XC-24 


perigraft, 
scattered 
cells 


18 


0.37 


None 






(+) 


((+)) 


((+)) 


0 




XC-18 


perigraft, 
3 small 
dense 
foci 


24 


0 


None 


+ 




+4- 


-H- 


+ 




+ 


XC~22 


perigraft, 
small 
dense 
foci 


24 


0.07 


None 


+++ 




-H-+ 


-H-4- 






+ 



* PCP levels are measurcd in ng/ml semm. Values below 0.9 or above 10.0 



5 ng.ml fall off the standard curve. Reported value is the average value. 

Key: For insulin staining, 0=absent; 4- = single cell only; +4- = cell 
groups; and +4-+ == large cell groups; for degree of leulcocytic infiltration (THC), 
0 = absent; + = single or few; +4 = naoderate; 44-4 = plenty. 

Graft morphology and the dynamics of the infiltrating cells in 
1 0 diabetic recipients receiving the combination therapy was studied. Animals were 
evaluated at day 13, 18 and 24 days post transplant. All anhnals were 
hyperglycemic at the time of sacrifice. 

At day 13, there were veiy few cells infiltrating the graft (EDI, 
CD3, CD4, CDS, B cells, NK cells), identical to the results as described above. 
15 None of the cells infiltrated the graft, but mstead remained in the perigraft area. 
The inflanunatory cells were not clustered but rather were scattered around the 
graft. 

At day 18, there was an increase of the number of EDI, CDS, 
CDS, B-cells, and NK cells in two (XC-20 and XC-23) of the tliree animals. 
20 However, the mflammatory cells did not enter the graft, but rather clustered 
around it. In the third animal, XC-24, the moiphology of the graft appears as it 
did on day 13. The insulin stain revealed a large number of islet cell groups. 

At day 24, the sMft of cells to gather in clusters continued, with 
increased numbers of EDI, CD3, CD4, and NK positive ceUs. The graft itself 
25 was still not infiltrated. The inflammatory cells were found in small, dense foci. 
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The small number of islet cells in XC-1 8 may be due to unbalanced sectioning of 
the graft or a suboptimal niimber of islet cells transplanted. 

At days 13 and 18, the serum levels of PCP were comparable to 
those described in the previous example. However, at day 24, the sermn levels 
5 were significantly lower, and not detectable in one animal (XC-1 8). The levels 
of PCP reflected graft fimction until day 18. 

At no time in this experiment were the grafts infiltrated. Animals 
were sacrificed because graft rejection was suspected, rather than graft primary 
non-ftinction (PNF). AH animals in this experiment remained hyperglycemic 
10 until the time of sacrifice, with no difference in metabolic control in respect to 
either histology or level of serum PCP. It can be speculated that the mechanism 
with which the graft is indefinitely accepted with graft fimction is an active 
process, in which cytokines, e.g., IL-1, are secreted and inhibit the islets from 
maintaining glycemic control without harming them per se. 
15 EXAMPLE 3: Evaluation of fimctional gxaft survival 

Islet cells from donor outbred female pigs, > 2 years old, were 
prepared for transplant as described above. 

Streptozotocin-diabetic recipient rats (XC-1 1, XC-12, XC-35, 
XC-36 and XC-37) were anesthetized (Telazol, 0.20 mg/kg B.W., i.m.). 
20 Buprinorphine was admhiistered to the recipient animals s.c. Transplantation 
was conducted as described above, during which the recipient animals received 
7,500-15,000 donor islet equivalents (IE) and anti-CD4 (RIB 5/2) plus anti- 
CD40L (AH.F5) combination therapy as described above. 

In this study, to protect the grafts from hyperglycemia, animals 
25 were given insulin injections (human regular and NPH insulin) during the first 
ten days after xenograft transplantation. Insulin was administered once daily on 
a sliding scale (Table 3). 



TABLE 3 



Serum BGL(mg/dL) 


Insulin (U) 


Regular 


NPH 


less than 200 


0 


0 
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201-350 


0 


2 


351-450 


1 


3 


more than 451 


2 


4 



5 Following transplant, fed plasma glucose levels were monitored 

daily for the first 15 days or until the establishment of normoglycemia, after that, 
twice weekly. IVGTTs (0.5-1.0 g glucose/kg BW) were performed twice in each 
animal. The first test was performed aromid day 40-50 and the second was done 
either before nephrectomy or cessation of the immunosuppressive drug 

10 administration at day 100 ( in two of the aminals). Porcine C-peptide seram 

levels in response to glucose stmiulation were assayed in each animal during the 
curative phase at around day 80 and rat C-peptide was assayed in response to 
glucose stimulation in some animals after nephrectomy. Xenograft morphology 
and beta cell/insulin content of the native pancreas were analyzed at the 

15 completion of the study. 
Results 



Results of this study are presented m Table 4. 

TABLE 4 



Study 
ID 


Location 
of 

Infilti-ate 


sample 
tissue at 
day 


Tox- 
icity 


In- 
sulin 


EDI 
(CD 
68) 


CD3 
(Tcells) 


CDS 


CD4 


OX33 
(Bcells) 


NKRP- 
1 


11 




106 


none 


-H-H- 


(+) 


0 


((+)) 


((+)) 


0 


((+)) 


XG- 
12 




106 


none 




(+) 


0 


((+)) 


((+)) 


0 


((+)) 


XC- 
35 


perigraftj 

one 

cluster 


100 


none 


'■'! " I ""I" 


-H- 


-H- 




-H- 


+ 


++ 


XC- 
36 


Tcell 
dom- 
iaated rej. 


149 


none 


0 




+++ 








(+) 



34 



BNSDOCID: <WO 019390BA1 J„> 



c 

wo 01/93908 



PCT/USOl/18001 



xc- 


TceU 


132 


none 


((+)) 


++ 


+++ 


-f++ 




++ 




37 


dom- 
inated rej 





















Key: For insulin staining, 0=absent; + = single cell only; ++ - cell groups; and +++ = large cell 
groups; for degree of leukocytic infiltration (IHC), 0 = absent; + = single or few; -H- = moderate; 
5 -H-+== plenty. 



Normoglycemia was restored after 16±11.9 days aiid maintained 
for more than 100 days in diabetic rats receiving pig islet xenografts and 
combined therapy with RIB 5/2 and AH.F5 (Figui*e 1). In fact, three animals 
demonstrated an initial period of PNF, and then turned normoglycemic. 

10 AH rats gained weight and showed no signs of toxicity. 

Glucose tolerance tests performed at day 40 and at day 100 
showed adequate response to glucose challenge comparable to non-diabetic 
controls. IVGTTs performed in all animals at around day 50 and before graft 
nephrectomy or cessation of antibody administration at day 100. All showed 

1 5 normal lowering of plasma glucose in response to the stimulation and became 
normoglycemic at or before 40 minutes (Figure 2). 

MetaboUc tests showed 46-185% increase in PCP and a retum to 
normoglycemia wifliin 40 minutes after an IV glucose challenge. Levels of PCP 
and porcine insulin (PI) were measured before and after glucose stimulation (0.5- 

20 1.0 g glucose/kg BW), measured at 0 and 20 minutes in serum. In all animals 

with xenograft, there was adequate response to glucose stimulation, showmg that 
the xenografts were fianctioning (Table 5 and Table 6). 
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TABLES 

Response in serum levels of porcine C-peptide to glucose stimulation. 



5 





Day post 


A% 


Day 


A % 


Day 


A% 




Tx 




post 




post 










Tx 




Tx 




XC~11 


77 


84 


103 


83 


112 


0 ' 


XCA2 


77 


77 


103 


185 


112 


4 


XC-35 


93 


78 










XC-36 


93 


46 










XC-37 


93 


114 











10 

T ABLE 6 

Response in serum levels of porcine insulin to glucose stimulation. 



15 





Day post 
Tx 


A% 


Day 

post 
Tx 


A% 


xc-n 


103 


879 


112 


-35 


XC-12 


103 


592 


112 


"29 


XC-35 


93 


76 






X.C-36 


93 


97 






XC-37 


93 


586 







20 In all animals where drugs were ceased to be given at day 100 

(XC-36 and XC-37), the animals remained nomioglycemic (200 mg/dL) for 41 
and 25 days respectively. Furthermore, XC-11 and XC-12 were nephrectomized 
on day 100 but stayed normoglycemic for 13 and 14 days respectively. To test 
whether the rat pancreas was regenerating functioning islets, insulin extraction 

25 tests on all rats were performed. Rat insulin extraction were performed on the 
sacrificed animals to ascertain that no function remained in the pancreas of the 
streptozotocin treated animals (Figures 3 A and 3B). These results show a 
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sigTiificant decrease of insuliii and rat C~peptide (approximately 5%), consistent 
with histological findings. 

Xenografts removed from thi*ee normoglycemic rats at day +100 
revealed an abmidance of insulin stainiag, rich neovascularization, and absence 
5 of infiltrating leukocytes. Rats retumed to hyperglycemia 9.3±7.2 days after 
graft nephrectomy. The two animals in whom grafts were maintained after 
discontinuation of antibody therapy on day 100 remained normoglycemic for an 
additional 21 and 41 days. Histology showed a dense intra- and periislet 
infiltrate, dominated by CD4+ and CD 8+ cells and a small number of CD684- 
10 cells. The beta cell number and insulin content of the recipient's native pancreas 
were not different from diabetic, non-transplanted control animals. 
Conclusion 

In five out of five immunocompetent recipient Lewis rats, the 
combined modulation of signal 1, i.e., by the use of anti-CD40L antibody, with 

15 the blockade of signal 2, i.e., by the use of non-depleting anti-CD4 antibody, 
prevented islet xenogi-aft rejection and reversed diabetes in the pig-to-rat model 
for more than 100 days in the absence of clinically evident toxicity. Metabolic 
and morphological studies proved xenograft function and survival. 

All publications, patents and patent documents are incorporated 

20 by reference herein, as though individually incorporated by reference. The 
invention has been described with reference to various specific and prefen'ed 
embodiments and techniques. However, it should be understood that many 
variations and modifications may be made while remaining withm the scope of 
the invention. 
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WHAT IS CLAIMED IS : 

1 . A method for treating or preventing islet cell transplant rejection in a 
mammalian recipient, comprising administering to said recipient a combination 

5 of an antibody, fragment thereof, or mixture thereof that specifically binds to the 
CD40 ligand, and an antibody, fragment thereof, or mixture thereof that 
specifically binds to the CD4 receptor, in an amount of said combination 
effective to inhibit a T-cell mediated immune response in the recipient to said 
islet cell transplant. 

10 

2. The method of claim 1, wherein the recipient is a human. 

3. The method of claim 1 or 2, wherein said islet cell transplant is 

xenogeneic to the recipient. 

15 

4. The method of claim 1 or 2, wherein said islet cell transplant is 
allogeneic to the recipient. 

5. The method of claim 1, 2 or 3, wherein said islet cell transplant 
20 comprises porcine cells. 

6. The method of claim 1, 2, 3 or 4, wherein the combination is 
administered following transplantation. 

25 7, The method of claim 1, 2, 3 or 4, wherein the combination is 
administered concurrently with transplantation. 

8. Tlie method of claim 1, 2, 3 or 4, wherein the antibody, fragment thereof, 
or mixture thereof that specijBcally binds to the CD40 ligand is monoclonal, 

30 

9. The method of claim 8, wherein the monoclonal antibody is 5c8. 
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10. The method of claim 1, wherein the antibody, fragment thereof, or 
mixture thereof that specifically binds to the CD40 ligand comprises MRl. 

11. The method of claim 1, 2 or 3, wherein the antibody, fragment thereof, or 
5 mixture thereof that specifically binds to the CD4 receptor is a, non-depleting 

antibody. 

12. The method of claim 1 1, wherein the non-depleting antibody is 
monoclonal. 

10 

13. The method of claim 1, 2, 3 or 4, ftirther comprising administration of at 
least one anti-inflammatory or immunosuppressive dmg. 

14. The metliod of claim 13, wherem said anti-inflanmaatory or 

15 immunosuppressive drug is cyclosporin, cyclophosphamide, FK506, rapamycin, 
corticosteroids, mycophenolate mofetil, leflxmomide, deoxysperguaUn, 
azathioprine, or OKT-3, 

15. The method of claims 1, 2, 3 or 4, wherein the amount is effective to 
20 induce inumme tolerance in the recipient to the transplant. 

16. A method for treating an autoimmmie disease, comprising administering 
to a mammal afflicted with an autoimmune disease, a combination of an amount 
of at least one compoxmd wliich specifically binds to the CD40 ligand, and an 

25 amount of at least one compound wliich specifically binds to the CD4 molecule, 
wherein said amounts are effective to inhibit a T-cell mediated irammie 
response. 

17. The method of claim 16 wherein said combination is comprised of a 
30 single chain antigen binding molecule, a small binding peptide or a mixture 

thereof 
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18. The method of claim 16, wherein said combination is comprised of at 
least one antibody. 

19. The method of claim 19, wherein the at least one antibody is a 
5 monoclonal. 

20. The method of claim 16, wherein the autoinimnne disease is Type I 
diabetes. 
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IMMUNOTHERAPEUTIC METHOD TO PREVENT 
ISLET CELL REJECTION 

Background of the Invention 

Diabetes affects approximately 16 million people in the United 
States, including over one million patients with type 1 (insulin dependent) 
diabetes, and continues to be a therapeutic challenge. More than 14% of U.S. 
5 health care dollars are spent on diabetes, a total of $122 billion in 1994 alone. 
However, diabetes remains one of the leading causes of death by disease, and is 
the leading cause of blindness, Iddney failure and non-traumatic amputations. 

The principal determinant of the risk of the devastating 
complications of diabetes is the total lifetime exposure to elevated blood glucose 
10 levels. Therefore, establishing safe and effective methods of achieving and 

maintaining normoglycemia will have substantial implications for the health and 
quality of life of individuals witli diabetes. The Diabetes Control and 
Complications Trial (DCCT) demonstrated that in a setting of a qualified 
diabetes control care team, intensive control with near nomialization of glycemia 
1 5 could be achieved and sustained for several years. However, such treatment is 
labor intensive, difficult to implement for many patients, and limited by the 
accompanying increased frequency of severe hypoglycemia. Today, the only 
way to restore nomial blood glucose levels without the associated risk of 
hypoglycemia is to replace the patient's islets of Langerhans. This may be 
20 achieved, for example, by the transplantation of a whole pancreas, or, by the 
inj ection of islets of Langerhans. 

Successful whole pancreas transplantation induces euglycemia in 
nearly all patients, but surgical risk, complications associated with the exocrine 
portion of the pancreas, and organ availability limit such transplants to a 
25 minority of patients. Islet cell transplantation could significantly reduce risk and 
morbidity, but organ availability also restricts the practice of islet 
transplantation. 

Xenogeneic islet cell transplantation has been problematic as 
well. In nude mice and rats, islet xenografts are characterized by the progressive 

1 
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infiltration of inflaimnatoiy cells. Fetal and adult islet xenografts in mice and 
rats with ongoing rejection exhibit a cellular distribution in which macrophages 
are centrally arranged aroimd the collapsing endocrine cells and T cells surround 
the entire graft area, a pattern reminiscent of delayed type hypersensitivity 
5 reactions. In non-human pi*imate recipients, the rejection process of islet 

xenogiafts is more vigorous and is dominated by a massive infiltration of T cells. 
Immunohistochemical studies of mnnunosuppressed primates have shown that 
macrophages are the main cellular subtype infiltrating islet xenografts. Data 
suggest islet xenogi'afts succumb to cell-mediated rejection in a T-cell dependent 
10 mamier. 

The T-cell mediated immune response is initially triggered by 
helper T-cells (Tj,) which are capable of recognizing specific antigens. When 
one of these cells recognizes an antigen present on the surface of an antigen 
presenting cell (APC) or a macrophage in the form of an antigen -MHC complex, 

15 the Tjj cell is stimulated to produce IL~2 by signals emanating from the 

antigen-specific T-cell receptor, co-receptors, and II/- 1 secreted by the APC or 
macrophage. The Tj, cells then proliferate, resulting in a lai*ge population of 
T-cells which are clonally selected to recognize a particular antigen. T-cell 
activation may also stmiulate B-cell activation and nonspecific macrophage 

20 responses. 

Some of these proliferating cells differentiate into cytotoxic 
T-cells (Tj,) which destroy cells having the selected antigen. After the antigen is 
no longer present, the mature clonally selected cells will remain as memory 
helper and memory cytotoxic T-cells, which will circulate in the body and 
25 recognize the antigen should it show up again. If the antigen triggering this 
response is not a foreign antigen, but a self antigen, the result is autoimmune 
disease; if the antigen is an antigen fironi transplanted tissue, the result is graft 
rejection. 

The CD4 glycoprotein is a receptor expressed on the surface of a 
30 T-cell subset and macrophages. In general, CD44- T-cells function as Tj, cells. 
The CD4 receptor participates in the antigen MHC class n recognition of T- 
cells. 
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Recent studies have demonstrated the importance to the immune 
system of the CD40 ligand (CD40L, also Imown as CD154, gp39, T-BAM and 
TRAP), a glycoprotein expressed primarily on activated CD4+ T cells, and the 
CD40 receptor, which is expressed on a variety of APCs. Grewal et al, 
5 Iromunological Research , jjS, 59 (1997), disclose that CD40L/CD40 interactions 
are involved in the hmnoral immune response, as well as cell-mediated immune 
responses and T-cell-mediated effector functions that are required for proper 
functioning of the host defense system. 

A critical issue in transplant immunology is to detemiine how the 
10 components and regulatory interactions involved in graft rejection might be 

manipulated to allow graft acceptance. One form of immmiosuppressive therapy 
used clinically and experimentally is that achieved by the administration of 
isolated, purified antibody preparations. Therapeutic antibodies act in one of 
two ways. Lytic antibodies, also referred to as depleting antibodies, kill 
15 lymphocytes m vzvo by targeting them for destruction. Nonlytic antibodies, or 
nondepleting antibodies, act by blocking the function of the target antigen 
without killing the cell that bears it. 

Recently, monoclonal antibodies (mAbs) such as OKT3, a mouse 
antibody directed against the CDS antigen of humans, have become widely used 
20 in clinical transplantation settings. However, the interaction of OKT3 with the 
CD3 antigen initially activates T cells, wliich stimulates the release of 
lymphokines, leading to significant clinical side effects. 

The use of non-depleting anti-CD4 mAbs has been disclosed to 
uihibit aniunber of allograft rejections, including allogeneic cutaneous, renal, 
25 and cardiac tissue transplants. See, e.g., U.S. Pat. No. 5,690,933; WO 96/36359; 
Onodera et al., Transplantation . 68, 288 (1996); and Lehmann et al.. 
Transplantation . 64. 1181 (1997). 

The role of anti-CD40L antibodies, either alone or iii combination 
with other irmnunosuppressive agents, has been studied in alio- and/or 
30 xenografts. See, e.g., WO 98/52606; WO 98/59669; Harlan and Kirk , Graft, 1, 
63 (1998); and Kenyon et al., Proc. Natl. Acad. Sci.> U.S.A.. 96, 8132 (1999). 
Parker et al., Proc. Natl. Acad. Sci., U.S.A.> 92, 9560 (1995), disclosed that the 
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infusion of allogeneic small lymphocytes prior to transplant in combination with 
the use of an anti-CD40L antibody led to a more than 100 day pancreatic islet 
allograft survival in a mouse model. Lai'sen et aL, Nature , 381 , 434 (1996), 
disclosed that the use of a combination of an anti~CD40L antibody and an anti- 
5 CD28 antibody delayed the rejection of sldn allografts beyond 50 days. 
However, when an anti-CD4 antibody was used alone or added to the aiiti- 
CD40L and anti-CD28 combination, Lai'sen et al. disclosed that the allografts 
were rejected with mean survival time (MST) of less than 20 days. Thus, it 
remains unclear whether these antibodies will be effective clinically and under 

1 0 what circumstances. 

If clinically applicable anti-rejection antibody regimens could be 
developed, then the ti'ansplantation of xenogeneic islets could become an 
effective means for treating or even curing patients with diabetes. Therefore, a 
need exists for compositions and methods to increase the applicability of islet 

15 transplantation for the treatment of diabetes. 
Summary of the Invention 

The present invention provides a method for m vivo 
immunosuppression in humans and mammals. The method includes 
pretreatment and post-transplant in vivo therapy to inhibit or prevent the 

20 rejection of transplanted islet cells. Preferably, the present method can impart 
dxxrable tolerance to the recipient, rather than just delay the rejection of the 
implanted cells. The present invention also provides a method to treat 
autoimmime disorders and diseases. 

Specifically, the method of the present invention comprises 

25 administering to a mammal, such as a himian, in need of such ti*eatment an 

effective immunosuppressive amount of a combination of at least one compound 
which binds specifically to a CD40 ligand present on T-cells so as to intermpt 
binding to a CD40 receptor, and at least one compound which binds specifically 
to a CD4 receptor present on T-cells so as to intermpt binding with an antigen- 

30 MHC complex, such as a non-depleting anti-CD4 antibody. 

The term "antibody", as used herein, includes human and animal 
niAbs, and preparations of polyclonal antibodies, as well as antibody firagments, 

4 

BNSDOCiD: <WO 019390BA1JA> 



r 

wo 01/093908 



PCT/USOl/18001 



synthetic antibodies, including recombinant antibodies, chimeric antibodies, 
including partially and fully humanized antibodies, anti-idiotopic antibodies and 
derivatives thereof. 

The term "compound" is meant to indicate, for example, 
5 antibodies as defined herein, and molecules having antibody-Uke function, such 
as synthetic analogues of antibodies, e.g., single-chain antigen binding 
molecules, small binding peptides, or mixtures thereof. 

Preferably, the compoxmds of the present method are antibodies. 
More preferably, one of the antibodies administered in the combination will be 
10 capable of specifically binding to the CD40 ligand, and one of the antibodies 
administered in the combination will be capable of specifically binding to the 
CD4 receptor. 

The term "islet cell" includes any mammalian organ, tissue or 
cell, capable of producing insulin in vivo, including synthetic or semi-synthetic 

15 cells, or transgenic cells. 

As mentioned hereinabove, the method of the present invention is 
useful in the treatment of islet cell transplant rejection. More specifically, the 
method may be employed for the treatment of a patient that has undergone islet 
cell transplantation that is allogeneic or xenogeneic. In one embodiment of the 

20 invention, the mammalian recipient is xenogeneic to transplanted porcine islets. 
In another embodiment of the invention, the mammalian recipient is allogeneic 
to transplanted porcine islets. Furthermore, the method of the present invention 
may be utilized prior to, following or concurrently with the transplant procedure, 
or any combination thereof 

25 In a further embodiment of the method of the present invention, 

an anti-inflaimiiatory or immunosuppressive dmg may be administered prior to, 
following, or concurrently with the combination of compounds described 
hereinabove. For example, suitable drugs for this purpose include, but are not 
limited to, cyclosporin, FK506, rapamycin, corticosteroids, cyclophosphamide, 

30 mycophenolate mofetil, leflunomide, deoxyspergualin, azathioprine, OKT-3 and 
the lUce. 
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As used herein, the temi "iixunmie tolerance" or simply 
"tolerance" is intended to refer to the durable active state of unresponsiveness by 
lymphoid cells to a preselected or specific antigen or set of antigens. The 
immune response to other immunogens is thus unaffected, while the requirement 
5 for sustained exogenous iimiixmo therapy can be either reduced or is ehminated. 
Additionally, tolerance enables subsequent transplantation of material 
comprising the same antigen or set of antigens without increasing the need for 
exogenous imnmnotherapy. 

As used herein, the temi "treating", with respect to an 
10 autoimmune disease or condition, includes preventing or delaying the onset or 
flare-up of the disease or condition, as well as reducing or elitninating one or 
more symptoms of the disease or condition, such as inflammation, fever and the 
like, after onset. 

Brief Description of the Drawings 

15 FIGURE 1 depicts graphically data showing the level of plasma 

glucose over time in animals treated with aiiti-CD40L antibody and anti-"CD4 
antibody combination therapy following transplant. 

FIGURE 2 graphically depicts results of IVGTT analyses for 
nomial Lewis rats, at an early time point (day 50) and prior graft nephrectomy. 
20 FIGURE 3 A presents graphically data showing the level of rat 

insulin from insulin extraction tests. 

FIGURE 3B presents graphically data showing the level of rat C- 

peptide. 

Detailed Description of the Invention 

25 T cell activation, and inununological processes dependent 

thereon, requires both T cell receptor (TCR) mediated signals and 
simultaneously delivered costhnulatory signals. An important costimulatory 
signal is deUvered by the ligation of CD40 on an antigen-presenting cell, such as 
a B cell, by CD40L on a T cell. CD40 has been molecularly cloned and 

30 characterized. Stamenlcovic et aL. BMBO J., 8, 1403 (1989). Human CD40 is a 
50 IcD cell surface protein expressed on mature B cells, as well as on 
macrophages and activated endothelial cells. CD40 belongs to a class of 
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